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ABSTRACT  
   
The manner in which land and water are used and managed is a major influencing 
factor of global environmental change. Globally, modifications to the landscape have 
drastically transformed social and ecological communities. Land and water management 
practices also influences people's vulnerability to hazards. Other interrelated factors are 
compounding problems of environmental change as a result of land and water use 
changes. Such factors include climate change, sea level rise, the frequency and severity of 
hurricanes, and increased populations in coastal regions. The implication of global 
climate change for small islands and small island communities is especially troublesome. 
Socially, small islands have a limited resource base, deal with varying degrees of 
insularity, generally have little political power, and have limited economic opportunities. 
The physical attributes of small islands also increase their vulnerability to global climate 
change, including limited land area, limited fresh water supplies, and greater distances to 
resources. The focus of this research project is to document place-specific - and in this 
case island-specific - human-environmental interactions from a political ecology 
perspective as a means to address local concerns and possible consequences of global 
environmental change. The place in which these interactions are examined is the barrier 
island and village of Ocracoke, North Carolina. I focus on the specific historical-
geography of land and water management on Ocracoke as a means to examine 
relationships between local human-environmental interactions and environmental change. 
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DEDICATION  
   
To Ocracoke 
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CHAPTER 1 
PRESENTATION OF THE RESEARCH PROBLEM 
Overview 
The manner in which land and water are used and managed is a major influencing factor of 
global environmental change (IPCC 2013; Turner et al. 2007).  Globally, modifications to the 
landscape in the form of agriculture, forestry, and other land and water management practices 
have drastically transformed social and ecological communities (Ojima et al. 1994).  The 
potential harmful consequences of these transformations include altered hydrologic systems, the 
loss of biodiversity, species extinction, increased pollution, and rising sea levels (Foley et al. 
2005), to name a few.  Land and water management practices have also been evidenced to 
influence people’s vulnerability to hazards with initial research focused on examining the 
mitigation, response, and range of choice associated with hazards (White et al. 1974; Burton et 
al. 1978).  Other interrelated factors are compounding problems of environmental change as a 
result of land and water use changes. Such factors include climate change, sea level rise, the 
nature of hazards, and increased populations in coastal regions. Recent reports from the 
Intergovernmental Panel on Climate Change (IPCC) indicate that global temperatures are rising, 
and project that temperatures will continue to rise into the near-future (IPCC 2013).  As 
temperatures rise, the increased melting of global ice sheets will continue to increase the rate of 
global sea level rise (estimated to rise 0.09 to 0.88 m by 2100). Also a consequence of climate 
change, the frequency and severity of climatic events is expected to increase, especially Atlantic 
Ocean tropical cyclones (Stocker et al. 2013; Mason et al. 2002).  These issues are increasingly 
pressing as human populations in coastal regions continue to grow, especially in the Mid-
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Atlantic and Southeastern United States (Pielke Jr. et al. 2008; Rappaport and Sachs 2003; Platte 
et al. 1991).  
The implication of global climate change for small islands and small island communities is 
especially troublesome.  Studies have shown that small islands are disproportionately vulnerable 
to disasters (Ebi et al. 2006; Pelling and Uitto 2001; Briguglio 1993).   Socially, small islands 
have a limited resource base, deal with varying degrees of insularity, generally have little 
political power, and have limited economic opportunities (Pelling and Uitto 2001; Royle 2001; 
Briguglio 1995).  The physical attributes of small islands also increase their vulnerability to 
global climate change, including limited land area, limited fresh water supplies, and greater 
distances to resources (Pelling and Uitto 2001).  Recently, the World Health Organization and 
the World Meteorological Association have identified small islands as being at the forefront of 
experiencing the consequences of climate change, especially to intensified tropical cyclones and 
sea level rise (Ebi et al. 2006).  
The focus of this research project is to document place-specific – and in this case island-
specific – human-environmental interactions from a political ecology perspective as a means to 
address local concerns and possible consequences of global environmental change.  The place in 
which these interactions are examined is the barrier island and village of Ocracoke, North 
Carolina. Ocracoke is located in the Outer Banks region of North Carolina, and is separated from 
the mainland by thirty miles of the Pamlico Sound. The year-round population of the island is 
approximately 948 (US Census 2012), but as a tourist destination the number of people on the 
island can swell to 15,000 in the summer months (NC Ferry Division). The island is un-bridged, 
and only reachable by public ferry or private boat or plane. Roughly ninety percent of the island 
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is part of the Cape Hatteras National Seashore (CAHA) and managed by the National Park 
Service (NPS).  Freshwater for the island is produced from multiple reverse osmosis units using 
brackish water pumped from the Caste-Hayne aquifer located 620 feet under the surface of the 
earth.  I focus on the specific historical-geography of land and water management on Ocracoke 
as a means to examine relationships between local human-environmental interactions and global 
environmental change.   
Political Ecology Framing  
Research in political ecology is rooted in examining relationships between land management 
and human-environmental change.  In the seminal text Land Degradation and Society, Blaikie 
and Brookfield (1987, p. 17) reestablished political ecology as a combination of “the concerns of 
ecology and a broadly defined political economy.” These concerns include a focus on decision-
making, societal relations with land-based resources, and attention towards the relationships 
amongst the environment, development, and vulnerability (Blaikie and Brookfield 1987).  This 
version of political ecology can trace its academic lineage to research conducted in the fields of 
cultural ecology and risk-hazards (Turner and Robbins 2008).  Risk-hazards research of the mid-
1970s emphasized the relationships amongst nature, technology, and society (Burton et al. 1993; 
White et al. 1974).  Through a series of case studies from around the globe risk-hazards research 
documented that technological advancements towards risk reduction and rapid social change has 
unintended and often harmful consequences in regards to how people experience and cope with 
extreme events (Burton et al. 1993; White et al. 1974).   Building on the risk-hazards tradition, 
political ecology – prior to the label – called attention to the failure of previous research to 
emphasize the social relations of hazards (Hewitt et al. 1983).  As Watts (1983, p.257) stated, 
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“the necessary starting point for any critical elaboration of hazards is one that grounds the 
relation between nature and society.” Whyte (1986) agrees and continues by stating that “the 
problem appears not to be only the lack of recognition of the social, economic, cultural, and 
historical context of vulnerability, but a general failure or unwillingness to put this recognition 
into practice.” Blaikie et al. (1994, a revised edition is cited as Wisner et al. 2004) provide a 
framework for putting these ideas to practice by conducting community research that examines 
the combinations of decision-making, access to information, scientific research, resource 
management, and planning that could reduce risk to hazards.  More recent research in political 
ecology has emulated this framework while striving to incorporate equal attention to social and 
biophysical conditions and knowledge in assessments of hazards vulnerability (Mustafa 2005; 
Wisner et al. 2004; Pulwarty and Riebsame 1997).   Specifically, Pulwary and Riebsame (1997) 
and Pielke and Pielke (1998) focus on hurricane-related hazards with attention on how 
individuals cope and experience storms, and how the management of resources shapes the ability 
of individuals to cope.  Mirroring the lineage of research in political ecology I trace the 
historical-geography of land use and management on Ocracoke, NC while engaging with 
community decision-making processes as a means to speculate on how these processes effect 
socioenvironmental change, and subsequently the degree to which these changes heighten or 
lessen vulnerable conditions. 
Narrowing the focus of land management, I examine the implications of federal land 
management, and specifically the activities of the NPS, on the landscape and the nearby 
community. Research concentrated on conservation and federal resource management within 
political ecology has explored topics of access, justice, tourism, development, and biodiversity, 
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within and near protected areas in less-developed countries (Zimmerer 2006; Young 2003; 
Sundberg 2003; Escobar 1998).  Research in the United States concerned with issues of human-
environmental change and federal land management mostly focus on issues of tourism, species 
dynamics, and fire hazards (Kay 1997; Simberloff 1987; Rikoon 2006; Collins 2008).  Federal 
land conservation strategies in the United States – specifically within the NPS – have a complex 
history of ecosystem management that has fundamentally altered the landscapes they seek to 
protect (Sellars 2009; Keiter 2003; Nash 2001).  I draw from, and contribute to, this history of 
inquiry by considering the implications of NPS land management practices within the CAHA on 
shifting environmental risk regimes and the socioeconomic well-being of the community.  
A sub-field of political ecology, urban political ecology, has concentrated on the 
relationships between freshwater technologies, the global political economy, and human-
environmental change (Swyngedouw 2013; Loftus 2009; Loftus 2007; Kaika and Swyngedouw 
2000; Kaika 2005; Swyngedouw 1999; Swyngedouw 1997).  Urban political ecology uses a 
Marxist perspective to frame the socioenvironmental degradation associated with manipulations 
to water systems. These manipulations are not only limited to the hydro-engineering feats of 
canals, dams, irrigation, and desalination technologies, but also includes the deployment of social 
manipulations of water including privatization and commodification.  I draw from and contribute 
to this literature by examining the implications of physical and social adjustments to the local 
hydrologic system of Ocracoke Island on local environmental risk regimes and the 
socioeconomic well-being of the community.  
To execute this study I borrow from the general inquiries of political ecology as focused on 
issues of land use change and management (Turner and Robbins 2008): (1) How and to what 
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degree do control over the environment and local knowledge of the environment, along with 
issues of environmental access, influence environmental conditions and change? (2) What are the 
implications of environmental conditions and change for shifting environmental risk regimes and 
socioeconomic well-being? And (3), what political and economic arrangements accelerate or 
decelerate reductions and enhancements in vulnerability?  In the section that follows I introduce 
the study area, the case studies, and adapt these general inquiries of political ecology to better 
address the specific human-environmental conditions of Ocracoke, NC.  
Study Area: Ocracoke, North Carolina, USA 
Ocracoke has a long history of human-environmental relations that provides a historical 
base for this project. Prior to European colonization, American Indians used the area as grounds 
for fishing and foraging.  In the 1600s and 1700s pirates took advantage of the dangerous shoals 
to elude capture.  In the 1730s schooner pilots established the first permanent settlement on the 
island to guide commercial vessels through the ever-changing inlet system. Fishing was always 
an important aspect of living on Ocracoke, but it was not until the advent of refrigeration in the 
mid-1900s that commercial fishing became a viable livelihood. Today, Ocracoke is a tourism-
oriented community that partially due to their isolation has retained an intimate (whether real or 
imagined) relationship with nature (as documented in local books Ocracokers by Ballance 1989 
and Ocracoke Wild: A Naturalist’s Year on an Outer Banks Island by Garber 2006).   
The physical separation of Ocracoke from the mainland also shapes island politics. Prior 
to 1770 Ocracoke was a self-sufficient isolated island until a member of the Colonial Assembly 
noticed that “those lawless bankers on Occacock Island (sic) are not paying taxes anywhere 
(Ballance 1989).” Occacock, as it was known then, was annexed to Carteret County, and in 1845 
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became part of Hyde County (Ballance 1989). Ocracoke is now an unincorporated place in Hyde 
County.  The remainder of the county is located on the mainland thirty miles west across the 
Pamlico Sound. Hyde County has roughly five thousand people and is one of the poorest 
counties in North Carolina with a poverty rate of 25.1% in 2011 (US Census, see table 1 below).  
The attributes of livelihoods and socioeconomic well-being on mainland Hyde County and 
Ocracoke are noticeably different. Mainland Hyde County is an impoverished, sparsely 
populated, agricultural region of roughly 1,400 square miles.  Ocracoke is a three-square-mile 
tourist village with a population consisting of longtime residents (self-proclaimed natives), 
tourism entrepreneur newcomers, service industry workers, and retirees.  Politically, Hyde 
County is represented by five county commissioners representing five townships (Currituck, 
Fairfield, Lake Landing, Swan Quarter, and Ocracoke).  After regularly attending the Hyde 
County Commissioner Meetings for over a year, a few observations are readily apparent and 
worth noting. The fact that Ocracoke is the only non-mainland representation on Hyde County 
commission fosters a belief on Ocracoke that it is governed by off-island interests who are 
unfamiliar with the needs of the island.  The relationship between Hyde County and Ocracoke is 
further strained by the large property tax revenues generated by real estate speculation on 
Ocracoke properties that gets diverted to mainland Hyde County.  Conversely, Hyde County 
views the disparity in tax dollar spending as reflecting disparities in quality of life.  Despite these 
conflicting interests the commissioners and bureaucrats of Ocracoke and Hyde County regularly 
work together to advance the needs of the entire county populace.  Although broad 
characterizations these themes are played out in almost every board meeting – especially during 
periods of public comment.  
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Table 1  
Community Sociodemographics 2010 
 
Pop. 
White 
(%) 
African 
American (%) 
Hispanic 
(%) 
Median 
Age 
In Poverty 
(%) 
Housing 
Units 
Hyde 
County  5,810 59.10% 31.50% 7.10% 41.0 25.10% 3,337 
Ocracoke 948 78.10% 1.58% 19.10% 38.2 24.10% 983 
 
An important aspect of understanding life on Ocracoke is the timing with which modern 
advancements reached Ocracoke. The isolation of Ocracoke, along with other political economic 
forces of the American South not covered in this dissertation, delayed development.  Paved 
roads, electricity, telephones, police, and even employment opportunities did not appear until the 
1950s and 1960s.  The relative timescale at which Ocracoke has experienced technological 
changes – in the window of roughly 50 years – is unparalleled in most United States locations; 
the island has experienced a two hundred year history of technological advances compressed into 
fifty years. I posit that this has fostered a heightened sense of traditions being obliterated by 
modernization. Ocracoke, in some ways, is a vestige of a time that once was; a distinctive site on 
the otherwise over-developed eastern shore of the United States.  Understanding how 
socioenvironmental issues unfold on Ocracoke has implications and transferable lessons for 
other Atlantic Coast communities.   
Research Questions 
The impetus for conducting this research project is the convergence of multiple 
interrelated human-environmental issues – along with their varying public discourses – that have 
fundamentally altered both the physical and cultural landscape. Human-environmental issues of 
interest include recent NPS management practices, the addition of a new reverse osmosis facility, 
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and the impact of Hurricane Irene (2011).  The history of NPS involvement on Ocracoke has 
played a large role in shaping the landscape. Sand dune building initiatives spearheaded by the 
NPS in the 1930s are responsible for a vast majority of the three to nine meter sand dunes that 
now line the entire length of the barrier island.  First conceived as an erosion control measure, 
these dunes have since been shown to exacerbate erosion rates on the island (Riggs et al. 2011). 
The dunes do however serve as a protective barrier to highway 12. Highway 12 is the only 
transportation route to Ocracoke from the north and the preferred route of most visitors, with 
roughly 900,000 visitors travelling this route each year (NC Ferry Division).  
More recently, NPS land management techniques have impassioned certain social groups 
of Ocracokers and other Outer Banks residents in reaction to a series of new special beach 
regulations.  In 2006 the NPS was sued by the Defenders of Wildlife et al. for improper 
threatened species protection as related to off-road vehicle (ORV) use on the CAHA.  The 
threatened bird species of concern is the migratory piping plover.  Research suggestions that 
piping plover habitat has decreased due to sand dune building and increased ORV use (USFWS 
National Survey 2012; personal correspondence with Michael Murray - previous CAHA 
Superintendent). In the years since the lawsuit the NPS has been operating with increased 
restrictions on ORV use while drafting an environmental management plan that was enacted in 
April 2012. Local advocacy groups, including the Outer Bank Preservation Association and the 
North Carolina Beach Buggy Association and representing the opinions of local residents, claim 
that such regulations have negative consequences on the local tourism industry and subsequently 
their livelihoods. Locally, the framing of the debate has fostered entrenched opinions regarding 
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land management, the federal government, environmental protection, and socioeconomic well-
being.  
In July 2011 the Ocracoke Water and Sanitary District (OWSD) completed construction 
of an additional reverse osmosis unit that multiplied the supply of freshwater by fifty percent.  
The history of development on Ocracoke is paralleled by continued advancements in water 
technology and infrastructure since the first reverse osmosis unit was installed in 1978.  The 
brackish water used in the reverse osmosis process is pumped from a 620 foot deep well that 
draws from the Castle-Hayne aquifer.  Lacking a central sewage system, all wastewater is 
drained into household septic drainage fields. During the last fifteen years the OWSD has 
supplied the village with an annual average of 40-50 million gallons of freshwater. After human-
use, the water – which had previously been stored in the Castle-Hayne aquifer for hundreds of 
thousands of years – enters the local hydrologic system of the island.  This human-environmental 
process has several interrelated relations in regards to landscape change.  The prospect of 
economic development has required additional technological modifications to secure a continued 
water supply. Additional water supplies have allowed for increased housing density and an 
increase in the number of tourists the island can support. Growing water use additionally 
increases the amount of wastewater added to the local hydrologic system via household septic 
drainage fields. As the near-surface layers of sandy-soil become increasingly saturated the ability 
of the soils to absorb rainwater and storm-surges decreases.  This issue has great ramifications 
for the future of the island, both in terms of the islands exposure to hazards and the preservation 
of the islands historic housing character.  
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Historically, residents of Ocracoke have acknowledged the risks of living with hurricanes. 
The barrier island has an average elevation of three feet and is only twenty miles west of the 
warm waters of the Gulf Stream, a favored path of Mid-Atlantic hurricanes.  Since the advent of 
a central water system the island has not experience a direct  landfall of a hurricane of category 
two strength or higher. However, numerous hurricanes have resulted in the overwash of the 
human-made sand dunes, thus funneling storm surges, and completely destroying sections of 
highway 12.  In late August of 2011 Hurricane Irene destroyed large sections of highway 12 on 
Ocracoke, as well as created two new inlets on Hatteras Island to the north.  The sections of the 
highway devastated on Hatteras Island took over two-months to repair and thus severed the 
ability of tourists to access the Hatteras-Ocracoke ferry route.  Without access via highway 12 
the tourist economy collapsed, thus leaving many residents without access to employment.  
However, evidence shows (as described in Chapter 6) that the sand dunes have decreased the 
exposure to hurricane hazards in the short-term while possibly exacerbating the associated 
hazards of hurricanes in the long-term, especially in regards to rapid erosion.  The experience of 
living with hurricanes influences local economic, political, and cultural arrangements that are 
critical aspects of understanding the vulnerability of the community.  
Readdressing the questions introduced in the previous section I now consider them within the 
specific human-environmental conditions of Ocracoke and its residents.  My research questions 
are: (1) how and to what degree does land and water management on Ocracoke influence 
environmental conditions and change? (2) How does local knowledge of socioenvironmental 
change influence the progression of vulnerability? (3) What are the implications of changing 
NPS land management and changing water management techniques for shifting environmental 
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risk regimes and socioeconomic well-being? Finally, (4) how does the associated political and 
economic arrangements associated with both land and water management on Ocracoke 
accelerate or decelerate reductions and enhancement in vulnerability to coastal storms?  
Case Studies  
In this dissertation I develop three related case studies.  In the first case study I outline the 
relationships between the NPS, the landscape, and the people of Ocracoke. I provide a brief 
history of the establishment of the CAHA, local land management practices, and more recent 
special regulations. I focus on two specific NPS involvements, sand dune building initiatives in 
the 1930s and recent contestations regarding off-road vehicle access and threatened species 
protection.  I delineate social and biophysical dimensions of change in relation to NPS land 
management decisions. I then discuss how these decisions have affected socioenvironmental 
change on the island.  
In the second case study I outline a history of the island focusing on relationships 
between people and water. I provide an account of technological changes in potable water 
procurement and the paralleling development of island growth (i.e. people, buildings, tourism).  I 
discuss how advancements in local water infrastructure are hinged on anticipated future capital 
accumulation.  I describe how the recent construction of additional reverse osmosis capabilities 
in 2011 has influenced socioenvironmental change. I then identify social dimensions of change, 
with specific focus on the increase in housing density and overburdened septic drainage fields, in 
relation to local hydrologic processes.  
The third case study presents a qualitative assessment of local hurricane hazard 
vulnerability.  I provide an account of biophysical processes and physical vulnerability, 
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delineating major units of exposure: wind, storm surges, and erosion.  I then provide an account 
of social vulnerability by considering how local knowledge of socioenvironmental processes (i.e. 
hurricanes) impacts residents sensitivity to hurricanes.  I document the manner in which people 
experience hurricanes and how their access to information has changed through time. The 
intersection of these accounts of physical and social vulnerability provides an informed 
description of how the people and current built environment of Ocracoke would cope following a 
direct landfall of a Category 2 storm or higher.  The case study concludes by offering possible 
mechanisms to reduce the sensitivity of island residents to such an event. 
The examination of these intersecting issues has been documented at other regional and 
global scales. Coastal storms in the Atlantic Ocean of the United States are expected to increase 
in intensity and severity (Mason et al. 2002).  Water management strategies and technological 
advancements in potable water procurement infrastructure are fundamentally changing the 
landscape (Swyngedouw 1999, Kaika 2004).  As the coastal region of the eastern United States 
continues to urbanize undeveloped shorelines are increasingly rare (Rappaport and Sachs 2003).  
NPS ecosystem management strategies have fundamentally altered local environments (Sellars 
2009; Keiter 2003; Nash 2001).  In the Outer Banks region of North Carolina the convergence of 
these issues has qualitatively changed the landscape and the people.  My research is unique in 
that it examines the relationships amongst each of these socioenvironmental processes to inform 
a discussion of the production of vulnerability in a specific place: Ocracoke, NC.   
A Vulnerability Approach  
The burgeoning research field of vulnerability analysis has a tradition in disciplines 
couched in global environmental change, including risk/hazards, social vulnerability, and 
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ecological resilience.  As previously stated, this project is couched within the political ecology 
influenced hazards research.  Within political ecology guided assessments vulnerability is a 
condition, and is framed by measures of exposure, sensitivity, and coping capacity.  The most 
basic definition of vulnerability is the human exposure to a hazard (Adger 2006).  Exposure is 
the instance or act of being influenced by a threatening outside force (Eakin & Luers 2006).  
There are many analytical techniques that are used to assess the vulnerability of place; from the 
pressure and release (PAR) model of risk and disaster research (Wisner et al. 2004), to the 
systems thinking techniques of sustainability science (Turner et al. 2003), to quantitative 
measures of biophysical changes (Adger 2006), to qualitative assessments of vulnerability 
(Sutherland et al. 2005, Ford and Smit 2004).  Within my vulnerability assessment I identify real 
possibilities of harm to people and the environment while offering reasonable suggestions as to 
how this harm could be reduced.  I do so by utilizing a qualitative community-based 
vulnerability approach.   
Wisner et al. (2004) developed the “pressure and release (PAR)” model to demonstrate 
the intersection of hazards and the processes generating vulnerability.  The model describes the 
biophysical and social aspects of each force as a means to suggest possible mechanisms to 
‘release’ the ‘pressure’ of a disaster. The PAR model builds a profile of a place’s vulnerability 
progression that includes a description and qualitative analysis of root causes, dynamic pressures, 
and unsafe conditions. With the conceptualization that dynamic pressures can turn root causes 
into unsafe conditions which dictates the degree of vulnerability.  In relation to this project, the 
historical and community-based analysis of root causes, dynamic pressures, and unsafe 
conditions are the analytical tools I borrow from the PAR model. Root causes are an interwoven 
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set of socioeconomic processes interacting at multiple temporal and spatial scales (Wisner et al. 
2004, 52).  Of particular interest to my qualitative assessment of how vulnerability manifests 
itself is how some of these root causes are “so profoundly bound up with cultural assumptions, 
ideology, beliefs and social relations in the actual lived existence of the people concerned that 
are ‘invisible’ and ‘taken for granted’.”  Dynamic pressures are the underlying social, economic, 
and cultural processes that are capable of translating root causes into harmful conditions (i.e. 
Outer Banks transportation routes).  An accurate description of these dynamic pressures includes 
in-depth research that is both local and historical (Wisner et al. 2004).  The unsafe conditions 
category of the progression of vulnerability details “the specific forms in which the vulnerability 
of a population is expressed in time and space in conjunction with a hazard (Wisner et al. 2004, 
54).” In specific regards to coastal storms Wisner et al. (2004, 268) stress the importance of 
detailing the “intimate link between vulnerability and livelihood strategies” especially on small 
islands where socioenvironmental phenomena are seemingly magnified.   Within this dissertation 
I provide a narrative that describes how people’s experience of hurricanes and livelihood 
strategies has changed through time. 
Influential to the manner in which I conducted research on Ocracoke is the work of 
qualitative community-based vulnerability assessments (Ford and Smit 2004, Sutherland et al. 
2005; Bolin and Stanford 1998).  What separates this approach from other vulnerability 
assessments is that it works from the bottom up to identify the exposure and sensitivities from 
the community itself (Smit and Wandel 2006).  The methods necessary to conduct this type of 
research, and which were carried out in this project, require in-depth and active participation 
with stakeholders, a long-term commitment to collecting information on relevant local 
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phenomena and processes, the use of multiple sources of information, and requires a continuous 
relationship with decision-makers (Smit and Wandel 2006).  These methodologies recognize the 
complex relationships between various exposures, sensitivities, and coping capacities through 
time.  As Smit and Wandel (2006, 288) state, “What is vulnerable in one period is not necessarily 
vulnerable (or vulnerable in some other way) in the next, and some exposures and sensitivities 
develop slowly over time.”  Smit and Wandel (2006) also identify the possibility for this 
approach to be used in tandem with the PAR model that recognizes the global network of ‘root 
causes’ and the local manifestations of ‘unsafe conditions’.  With this approach in mind, the goal 
of this community-based vulnerability narrative it to identify, describe, and analyze “the 
conditions of risks (current and past exposures and sensitivities) that people have to deal with, 
and how they deal with these, including the factors and processes that constrain their choices 
(Smit and Wandel 2006, 289).” The result of this process is not aimed at producing a score of 
vulnerability, but rather to document the nature of vulnerability along with its various complex 
components so that we can begin to address strategies to increase coping capacities.  
Overview of Contents  
 The second chapter is a review of the literature that guides this research project. I outline 
previous research on hazards vulnerability in political ecology research, and provide a brief 
review of studies focused on landscape change in island settings. I also introduce my 
community-based approach to vulnerability assessment which focuses on understandings of local 
knowledge.  In the third chapter I describe my research methods.  This includes a brief review of 
the use of ethnographic methods in geography, a description of my positionality while in the 
field, and specific actions undertaken. Chapters 4, 5, and 6, represent the case studies described 
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in the section above. In Chapter 4 I outline a history of Ocracoke that focuses on relationships 
among the NPS, the landscape, and the people.   In Chapter 5 I discuss the relationship between 
water and the changing landscape. In Chapter 6 I describe how the specific historical-geography 
of land and water management on Ocracoke has influenced local knowledge, and how the 
combination of these factors affects the degree of social and physical vulnerability of Ocracoke.  
Chapter seven concludes this discussion by explicitly addressing how each case study answered 
the research questions, and then makes policy recommendations to potentially increase local 
coping capacity while decreasing sensitivities.  I end by reflecting on overall contributions to 
contemporary geographic thought.  
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CHAPTER 2 
LITERATURE REVIEW 
Most research concerned with issues of vulnerability trace their lineage from the fields of 
risk/hazards, political ecology/political economy, or ecological resilience (Eakin and Leurs 
2006). My research is positioned along the boundaries of risk/hazards and political ecology. In 
this review I document how political ecology addresses the theoretical and epistemological 
concerns that stem from critiques of early risk/hazards research. I do so by introducing the major 
contributing works of risk/hazards research, detail the critique of risk/hazards by scholars in the 
fields of human and cultural ecology, and then describe how these critiques are addressed within 
political ecology research.  Throughout the review I trace how the practical and theoretical 
concerns of these fields influence vulnerability research, and narrow the focus to discuss research 
specifically regarding hurricanes and small islands. Next, I review the various terminologies and 
parameters used in vulnerability analysis. I then provide examples of vulnerability research that 
stem from a place-based and geographic approach. The review concludes by positioning this 
dissertation within the literature by describing its contribution to contemporary geographic 
thought.  
Risk/Hazards   
The research of Gilbert F. White is the standard starting point for discussions regarding 
human-environmental relations and hazards. White’s (1945) research on floods and flood control 
was one of the first geographical studies to recognize that human efforts to control nature 
through technological and structural projects were likely exacerbating the effects of a hazard.  
This concept went on to inspire many researchers in the risks/hazards field while broadening the 
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scope of research to a variety of hazards at multiple scales (e.g. hurricanes, erosion, wind, 
drought, volcanic eruptions, frost, snow, earthquakes, tsunamis, and others) (see Natural 
Hazards: Local, National, Global, edited by White 1975).  Along with his students and regular 
co-contributors, Kates and Burton, White stressed the importance of social relations, individual 
range of choice, and the political economy, for guiding how communities respond to hazards 
(Burton et al. 1993). For example, in The Environment as Hazard, Burton et al. (1993, p.29) 
stated:  
At the individual level it should be recognized that people are not alike in appraising a 
 hazard, in perceiving their options, and in deciding what to do. At the level of collective 
 action it is helpful to identify the ways in which communities, communes, and 
 corporations guide or manage or serve the adjustments practiced by individuals.  
Understanding social change and individual experiences and responses to hazards is paramount 
for identifying what makes people more or less vulnerable.  The risk/hazards approach also 
stressed the importance of conceptualizing interactions amongst social and biophysical attributes 
of hazards across scales (e.g. individual, local, regional, national, global) (White 1975; Kates and 
Burton 1986; Burton et al. 1993). The field of risk/hazards, in the tradition of human ecology, 
was extremely important for bringing ‘the social’ into issues of hazards and hazards management 
research in a time when vulnerability reduction was strictly a matter of engineering nature.  
However, it was only a matter of time before geographers concerned with social relations and 
theory critiqued the comprehension and deployment of ‘social’ within the risk/hazards field.  
Before addressing the concerns of geographers regarding the social dimensions of 
hazards it is important to mention the influence of research stemming from human ecology and 
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cultural ecology. Human ecology is often positioned as the precursor to the risk/hazards tradition 
with a more explicit attention to hazards preparation and response (Turner and Robbins 2007).  
Human ecology emerged from geography to question how societies adjust to changing 
environmental processes (Barrows 1923). Cultural ecology, as a sub-field of anthropology, 
focuses on understanding relationships between culture and the environment, but with more 
attention geared towards understanding social and cultural processes (Turner and Robbins 2007; 
Watts 1983). Research situated on the boundaries of human ecology and cultural ecology seeks 
to build on the research base established in risk/hazards.  Influential to this development are the 
contributions from Hewitt’s (1983) Interpretations of Calamity from the Viewpoint of Human 
Ecology. Hewitt (1983) argued that hazards research had been removed from the human-
environmental relations focus within geography. Specifically, Hewitt (1983, p. 13) critiqued the 
conceptualized human-environmental relations diagrams presented by those in the risk/hazards 
field, himself included (Kates 1971; Burton and Hewitt 1974), for simply being managerial tools 
and absent of “the material interactions of human experience involved.” The dangers of speaking 
about hazards alone is that “the forces involved, so charged with drama, emotion and blame in 
the everyday world, become subordinate to objective dimensions and impersonal dynamics 
(Hewitt 1983, p.14).” Hewitt, as well as Watts (1983), claimed  that  previous hazards research 
was missing critical and qualitative assessments of risk and hazard as lived by actual people. 
Where White and others recognized the importance of including social attributes in risk/hazard 
assessments, Hewitt and Watts suggested a more critical and theoretical approach to ideas of 
‘social’ within hazards research.  In Watts’ (1983) chapter in Calamity (On the poverty of theory: 
natural hazards research in context) he suggested that the epistemological underpinning of 
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hazards research should be critical of the problematized division of society and nature. Watts 
addressed these epistemological concerns in the following (Watts 1983, p. 232): 
I would like to raise explicitly what is at best only implicit in much of what passes as 
 hazard  research, namely the manner in which we know and the reliability of 
 ‘environmental knowledge’, the nature of the object(s) of knowledge and the social 
 situation under which  knowledge and the object of knowledge is produced. All this is to 
 say that we cannot take for granted the relationship between people and nature, between 
 knowing subject and objects of study between theory and fact. 
Citing others (Richards 1978, Wisner 1981), Watts suggested more ethnographically practiced 
science regarding local knowledge as a method to reconnect hazards research with its 
nature/society epistemological legacy. These epistemological concerns are a precursor to 
political ecology-based vulnerability analysis. For example, Watts (p. 258) said in closing: 
 To appreciate the fact that hazard is mediated by the socioeconomic structures of the 
 societies affected is simultaneously to recognize that ‘modernisation’ or ‘development’ 
 has not necessarily solved the age-old problems of subsistence crises or vulnerability to 
 environmental threats, and in some cases has actually aggravated them.  
Identifying components of the broader political economy that act as aggravators of vulnerability 
is one of the core concepts of political ecology.  The following section reviews research in 
political ecology that has sought to fulfill the theoretical deficiencies outlined in hazards 
research.  
Political Ecology  
This section continues to trace the lineage of human-environmental geography concerned 
with vulnerability from risk/hazards through political ecology. First, political ecology is defined 
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in its multiple iterations. Then the multiple, and sometimes conflicting, theoretical contributions 
are reviewed. The section concludes with a consideration of how vulnerability research has been 
influenced by developments in political ecology.  
Political ecology “combines the concerns of ecology and a broadly defined political 
economy…[that] encompasses the constantly shifting dialectic between society and land-based 
resources, and also within classes and groups within society itself” (Blaikie and Brookfield 1987, 
p. 17).  However, political ecology has shifted perspectives since Blaikie and Brookfield’s 
(1987) Land Degradation and Society (see Rocheleau 2008, Robbins and Bishop 2008, Forsyth 
2008). The political ecology of the 1980s relied on a historical materialist Marxian analysis of 
nature-society relations (Forsyth 2008).  A practical historical materialist perspective “assert[s] 
the constitutive role of human transformative agency in the reproduction and transformation of 
social forms” (Foster 2000, p. 2).  This structural approach was geared at examining the relations 
of the global political economy and socioecological degradation.  However, this theoretical 
approach came to be heavily criticized in the 1990s from the wave of poststructural critiques of 
knowledge that were permeating all fields of scientific inquiry.  In specific regards to political 
ecology, poststructuralism exclaimed concern over the often a priori role of capitalism coupled 
with the simultaneous downplaying of political objectives (Bryant 1992, Watts & Peet 1996, 
Escobar 1996, Escobar 1999).  The original definition of political ecology continues to be 
critiqued and developed (Walker 2005, Vayda and Walters 1999, Peet and Watts 1996, Blaikie et 
al 2002., Forsyth 2003). A majority of the critiques fault political ecology for its lack of attention 
to ecology (Walker 2005) or for being apolitical (Peet and Watts 1996).  In an attempt to resolve 
these issues, a variety of political ecology versions have developed: third world political ecology, 
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feminist political ecology, liberation ecologies, critical political ecology, and urban political 
ecology.  Of these sub-fields, third world political ecology, liberation ecologies, and urban 
political ecology, have contributed most directly to the theoretical concerns of hazards and 
vulnerability research.  
Third world political ecology seeks to understand “how environmental and political 
forces interact to mediate social and environmental change” (Bryant 1992, p.12).  The difference 
between this approach from its predecessors is a more explicit attention to political objectives 
and a skepticism of economic reductionism and structures of power.  Skepticism of economic 
reductionism is a critique of Marxist influenced analysis that arguably frames socioecological 
change in terms of relationships with global capitalism prior to actual research.  Bryant (1992) 
claimed that this type of approach reduces the effects of biophysical processes, confuses social 
action with capitalist development, and downplays the role of local government.  To account for 
these analytic oversights third world political ecology focuses on three areas of critical inquiry: 
(1) contextual sources of environmental change, (2) conflicts over access, and (3) the political 
ramifications of environmental change.  While acknowledging skepticism over approaches that 
privilege explanations based on environmental links to global capitalism, third world political 
ecology may have gone too far in intentionally trying to overlook such causal factors.   
While building on these advancements in political ecology Peet & Watts (2004) blended 
concerns over a priori structures of power while still acknowledging the revealing capabilities of 
Marxist modes of inquiry in what they called liberation ecologies.  Liberation ecology involves 
recognizing “the emancipatory potential of the environmental imaginary to begin to chart the 
ways in which natural as much as social agency can be harnessed to a sophisticated treatment of 
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science, society, and environmental justice (2004, 16).”  Liberation ecology seeks to make causal 
connections explicit, include actual politics in analysis, include civil engagement, reject plural 
perceptions, be historically based, and refine the use of ecology in political ecology (Peet and 
Watts 2004).  Research in liberation ecology focuses on the intersections of political economy, 
power, environmental knowledge, and ecological science, while also engaging with theoretical 
concepts from cultural and social theory, like poststructuralism. A poststructural political 
ecology applies insights from discourse analysis to improve our understandings of nature (Bryant 
2001).   
The argument here is not that the biophysical environment (‘nature’) does not exist. It is, 
rather  that ideas about ecology and political economy actively shape human perceptions 
of nature; thus, their contested definition is a matter of great importance. (Bryant 2001, p. 
162) 
A poststructural political ecology argues that the constructs of ecology and political economy are 
modern productions of knowledge that need to be discursively analyzed (Escobar 1996).  This 
does not necessarily divide a poststructural analysis from a materialist Marxist analysis as 
Escobar (1996, 46) stated, “[f]rom a certain poststructural perspective… there cannot be a 
materialist analysis which is not at the same time a discursive analysis.”  Reducing everything to 
a social construction may have dialectically narrowed the Marxist perspective, but 
poststructuralism as used in political ecology expands the concept to include “cultural and 
political activity within an analysis of ecosystems that are significantly but not always entirely 
socially constructed” (Greenberg and Park 1994, p.1).  The collective deployment of materialist 
Marxist and poststructural theories allows for a hybrid approach that considers issues of nature, 
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capital, culture, politics, knowledge, and modernity by rethinking their discursive boundaries.  
As Escobar (1996, 65) concludes, “[m]aterialist approaches do not need to exclude this type of 
analysis.”  Bryant (2001, 167) calls for more precision in the use of poststructuralism as an 
explanatory framework in political ecology research, stating that it “has much to explain before it 
offers the comprehensive account of the politicized environment it aims to provide.”  
One of the newer iterations of political ecology, urban political ecology (UPE), “provides 
an integrated and relational approach that helps untangle the interconnected economic, political, 
social, and ecological processes that together go to form highly uneven and deeply unjust urban 
landscapes” (Swyngedouw and Heynen 2003).  At first glance this approach is materialist and 
constructionist, as it focuses on the construction of socioecological processes from a historic 
perspective.  However, in a review of UPE, Keil (2003) recognized Escobar’s (1999) theorizing 
of a poststructuralist political ecology as one that “entails the humanizing of nature and 
naturalization of humanity in ways that defy the essentialist reifications underlying the modern 
separation of nature and society” (Keil 2003, p. 728).   
UPE is particularly valuable to chapter five in this dissertation that examines 
relationships between technological advancements in water procurement, social relations, and 
biophysical change.  One of the major contributions of UPE has been research demonstrating 
how adjustments in water control and management have the power to transform social relations 
(Kaika 2005; Swyngedouw 2004, Swyngedouw 1999). For example, Swyngedouw (1999) 
documented how the socionatural transformations resulting from a history of water politics and 
engineering projects in Spain have produced a particular geographic configuration; it is this 
particular geographic configuration that he terms the “waterscape” that has fostered identifiable 
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processes of socioecological degradation and inequality. Swyngedouw (2009, 57) stated, “the 
political-ecological examination of the hydro-social process reveals the inherently conflict-
ridden nature of the process of socio-environmental change and teases out the inevitable conflicts 
(or the displacements thereof) that infuse socio-environmental change.”  The relations through 
which hydro-social transformations take place necessitates an analysis of the discourse and local 
knowledge that is used to defend certain planning strategies, or lack thereof (see Swyngedouw 
2009).  
 Research in UPE has also focused on the implications of the commodification and 
fetishization of nature on socioenvironmental change. The concept of the fetishization of nature 
as researched by Marxist influenced geographers, historians, and anthropologists, is more 
commonly referred to as commodity fetishism.  Commodity fetishism is the veiling of the social 
and/or natural processes underlying the processes of production contained within an object 
(Kaika and Swyngedouw 2000).  In order for something to be a commodity it must be owned and 
it must have boundaries; it must have use-value and exchange-value (Vatn 2000). Kosoy and 
Corbera (2010, 1230) advanced the idea of commodity fetishism in application to payments for 
ecosystem services research (PES). They stated that commodity fetishism “permits [PES] to 
think critically about the fact that an ecosystem service can become a commodity subject to 
trade, even if most ecosystem services are public goods.” There are critiques that call attention to 
the commodification of nature laden in ecosystem services research, and the possible 
socioenvironmental inequalities and degradation produced when issues are framed in this manner 
(Robertson 20011). I cite the work of Kosoy and Corbera (2010) as an example of the 
application of commodity fetishism concepts to goods that are perceived as public, while 
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exemplifying the qualities of a commodity. While most water is perceived as a public good the 
production of water obscures the social relations of this process, making something laden with 
social processes appear natural. This type of veiling promotes “seeing historically specific social 
relations as eternal and natural (Kosoy and Corbera 2010, 1230).”  Kaika and Swyngedouw 
(2000, 124) further discuss on the fetishization of water:  
 Water supply networks… are the means of transforming H20 (a natural element) into 
 potable, clean, translucent water (a socially produced commodity embodying powerful 
 cultural and social meanings). Water enters one end of the network as H20 and 
 subsequently undergoes a chemical and social transformation to end up at the other end 
 (the tap) as potable water, as a commodity properly priced and treated. Networks express 
 through their material existence the socioeconomic process and the material flow of this 
 transformation of nature. 
More recently, Swyngedouw (2013) detailed the landscape transforming power of desalinization 
technologies. He described how the transformation of water at the molecular level has far-
reaching ramifications for ecological, political, social, cultural, and economic processes.  These 
desalinization transformations also produce particular geographic configurations that are 
important to address when considering issues of social and biophysical vulnerability, which is a 
major focus of chapter five in this dissertation.  
Political Ecology has expanded its focus from the rural to the urban, from classes to 
genders, from the south to the north, from the household to global networks – all the while 
seeking to reveal processes of power and socioecological change.  It provides a framework that 
attempts to address processes of socioecological degradation at multiple scales.  It has also 
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addressed some of the epistemological concerns expressed by Watts (1983), and turned them into 
a foundation for addressing hazards vulnerability as produced at various intersections of place-
specific historical conditions and biophysical events.  To clarify, political ecology provides the 
theoretical basis for addressing the inseparable human-environmental relations of hazards 
vulnerability. This is perhaps best exemplified in the research of Zimmerer and Bassett (2003) 
and Wisner et al. (2004).  Zimmerer and Bassett (2003) took a geographic-centered approach to 
political ecology while focusing explicitly on human-environmental interactions and the political 
ecology of scale.  Case studies joined issues of theory and practice to investigate issues of 
conservation, land-use change, environmental risk, water management, local knowledge, and 
resource management (Young 2003, Sundberg 2003, Pelling 2003, Swyngedouw 2003, Bassett 
and Zueli 2003, McCusker and Weiner 2003). Wisner et al. (2004) provided a political ecology 
perspective on vulnerability, and will serve as a point of transition to discuss the specific 
attributes of coastal storms and vulnerability.  
Research in political ecology has addressed issues of hurricanes and coastal vulnerability 
from multiple approaches (Pielke et al. 2008; Wisner et al. 2004; Pielke and Pielke 1998; 
Pulwarty and Riebsame 1997).  Wisner et al. (2004) devoted a chapter in At Risk: Natural 
Hazards, People’s Vulnerability and Disasters to documenting the vulnerability associated with 
coastal storms. In this chapter they review the varying geographic patterns of hurricane 
destruction in terms of recovery costs, damage, and deaths. An example of the Pressure and 
Release (PAR) model is used to illustrate the root causes and dynamic pressures that led to 
unsafe conditions following the Andhra Pradesh cyclone of 1977 in India (Wisner et al. 2004). 
Using the PAR model Wisner et al. (2004, p. 254) identified the root causes of the disaster as the 
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social structure of undependable transportation routes, “the caste system, land tenure, and the 
nature of the government.”  The dynamic pressure leading to vulnerability included “land 
hunger” and the need for people working in agriculture and fisheries to live near their places of 
employment (p. 253).  These social configurations when confronted with the hazardous three to 
seven meter storm surges produced the disaster of 8,000 deaths, the loss of livestock and 
housing, the destruction of livelihoods, and the salinization of agricultural land (Wisner et al. 
2004, p. 255). The benefit of the PAR model to analyze coastal hazards is that by describing the 
“pressures” of a disaster can serve as a means to identify possible mechanisms to “release” those 
pressures.  For the cyclone in India these releases included improved warning systems, more 
efficient evacuation plans, and improved assistance arrangements from the government.  Wisner 
et al. (2004, p. 268) demonstrated that all vulnerability assessments must recognize the “intimate 
link between vulnerability and livelihood strategies.”  They also identified aspects of this link 
that are unique to the compounding hazards of wind, floods, and erosion associated with coastal 
storms, including: poor-quality and unprotected urbanization, the disturbing or removal of 
coastal vegetation, and the dependency of islands on a limited number of economic 
opportunities.  
Focusing on hurricanes, Pulwarty and Riebsame (1997) used a political ecology 
framework that integrated the social construction of vulnerability and climatic risk.  In this 
framework “vulnerability is rooted in people, values, institutions, and the environment (p. 185).”  
Their case studies from the Caribbean continue to stress the idea that vulnerability cannot be 
addressed outside the dynamics the global political economy.  Pielke et al. (2008) also stressed 
the importance of understanding socioeconomic structures in determining hurricane 
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vulnerability, but do so by relying on quantitative methods.  The study (Pielke et al. 2008, p. 29) 
examined the historical frequency and damage of hurricanes in the Atlantic coast counties of the 
United States, but normalized the dataset to estimate “what would occur if storms from the past 
made landfall under another year’s societal conditions.”  Their findings indicate that there is no 
increasing trend in hurricane damage since 1900.  However, they (Pielke et al. 2008, p. 38) 
preface this statement by stating that “a simple extrapolation of the current trend of doubling 
losses every ten years suggests that storm like the 1926 Great Miami hurricane could result in 
perhaps $500 billion in damage as soon as the 2020s.” To clarify, the damage associated with 
storms is not increasing, but the amount and density of coastal populations is increasing, which 
will still lead to record amounts of damage in the future.   
This dissertation is positioned within the contributions of political ecology in a specific 
manner. From the research of early risk/hazards work I recognize that social change and 
individual experience is vital for understanding what makes people vulnerable. Following  the 
work of Hewitt and Watts I acknowledge that hazards research must include an examination of 
the human experience and interactions with the physical landscape. From the theoretical 
contributions of third world political ecology I address the three areas of critical inquiry 
regarding contextualization, access, and the political ramifications of environmental change.  
Influenced by research in liberation ecology I seek to make causal connections explicit though an 
examination of the history of local ecosystem changes, while participating in civil engagement.  
These theoretical concerns of political ecology guide my overall approach to assessing the 
vulnerability of a place. 
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Vulnerability  
Vulnerability definitions and approaches vary, and multiple articles have sought to 
review each of these varied nuances (Adger 2006; Eakin and Luers 2006; Cutter 1996).  Adger 
(2006, p. 268) defines vulnerability as “the state of susceptibility to harm from exposure to 
stresses associated with environmental and social change and from the absence of capacity to 
adapt.” Eakin and Luers (2006, p. 366-367) begin their vulnerability literature review by 
claiming that it “conveys the idea of susceptibility to damage or harm”, while concluding that 
“vulnerability is fundamentally a relative concept concerned with issues of social justice, equity 
and opportunity.” In the tradition of political ecology based assessments of vulnerability Wisner 
et al. (2004, p.11) define vulnerability as “the characteristics of a person or group and their 
situation that influence their capacity to anticipate, cope with, resist and recover from the impact 
of a natural hazard.”  These varying approaches are viewed as necessary for addressing the 
complex interdisciplinary issues of global environmental change (Eakin and Luers 2006). Most 
vulnerability research stems from one of three approaches: ecological resilience, political 
economic/political ecology, or risk/hazards (Eakin and Luers 2006).  This project, as detailed, is 
positioned within the risk/hazards and political ecology traditions. In this section I clarify the 
parameters and terminology used in political ecology-based vulnerability assessments.  I then 
review the geography-based approaches of vulnerability of place; mostly stemming from the 
social vulnerability research of Susan Cutter (Cutter and Finch 2008; Cutter and Finch 2006; 
Cutter et al. 2003; Cutter et al. 2000; Cutter 1996). I narrow the focus of geographic-based 
approaches to those approaches that are explicitly concerned with community-based assessments 
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of vulnerability (Bolin and Sanford 1998; Sutherland 2005).  I conclude by reviewing 
vulnerability research focused on small islands. 
Vulnerability parameters.  
The terminology, parameters, and attributes of vulnerability vary amongst studies (Smit 
and Wandel 2006; Adger 2006; Eakin and Luers 2006).  This section defines the terms as 
understood in this research project, and explains the reasons for excluding terms that are often 
present in other vulnerability studies. In regards to the attributes that comprise vulnerability the 
following parameters are often examined: exposure, sensitivity, resilience, coping capacity, and 
adaptation.  This project examines processes of exposure, sensitivity, and coping capacity.  
Exposure is the nature and degree in which a place experiences a physical external threat (Adger 
2006; Eakin and Luers 2006).  Sensitivity is the degree in which a place is able to be modified or 
affected by exposure (Adger 2006). Coping capacity is the ability of a place to respond to a 
hazard while maintaining or necessarily adjusting mechanisms that allow for practices of 
livelihoods to continue.   
Purposely absent from this analysis are the components of resiliency and adaptation.  The 
burgeoning field of sustainability science is utilizing vulnerability analysis as a tool for assessing 
the sustainability of systems (Turner et al. 2003).  One of the elemental differences between 
political ecology influenced vulnerability and the vulnerability of systems-thinking sustainability 
science is the inclusion of the concept of resiliency.  Turner et al (2003, 8075) define resiliency 
as “the amount of change a system can undergo and still remain within the set of natural or 
desirable states.”  One of the critiques of this approach is that resiliency is not itself something 
that is necessarily desirable (Turner and Robbins 2008).  For example, poverty is extremely 
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resilient.  Another critique (Bassett and Fogelman 2013) focuses on the use of natural or 
desirable states.  In a dynamic system what is natural, and for whom are these states desirable?  
A factor of resiliency assessment includes the ability of a place, or system, to adapt to a 
disturbance or to be flexible, sometimes referred to as adaptive capacity. The concept of 
adaptation in vulnerability research is susceptible to the similar theoretical critiques aimed at the 
risk/hazards tradition in the 1980s that place environmental processes as external to social 
processes (Watts 1983a). Bassett and Fogelman (2013, p. 46) succinctly articulate the adaptation 
critique:  
If the causes of hazard vulnerability lay rooted in the political-economic system, then it  
 was the system that had to change. If that was the case, then what was the point of 
 adapting to a system that by its very nature systematically produced vulnerability? From 
 the political economy perspective, the adaptation concept seemed to inhibit rather than to 
 advance understanding of the challenges that lay ahead in reducing social vulnerability.  
To summarize, if you adapt to the very social system that is at the root of social vulnerability, 
then vulnerability becomes reified through adaptation.  Watts (1983a) has labeled this process as 
“maladaptation.” The difference, in terms of this research project, between the concepts of 
adaptation and coping capacity is that detailing coping capacity focuses on the aspects of the 
political economy that restrain a place or individual from responding to a hazardous event, 
whereas adaptation details the steps of how an individual or place reorganizes within the reified 
political economy.  
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Vulnerability of place. 
Place is a critical concept of geographic thought, and is central to the vulnerability 
analysis of this research project.  In a review of the field of hazards Cutter (1996) identifies three 
areas of possible improvement in vulnerability studies: the definition, the measurement, and the 
spatiality. To address these deficiencies Cutter (1996), influenced by Hewitt and Burton’s (1971) 
hazardousness of place, proposed a model to examine the intersections of biophysical and social 
vulnerability of place; known as the hazards of place model.  In the model social vulnerability 
“includes the susceptibility of social groups or society at large to potential losses (structural or 
nonstructural) from hazards events and disasters (530).” The primary influence of the hazards of 
place model in this dissertation is the strict attention to place and the temporal sequencing of 
environmental hazards.  To restate, the manner in which vulnerability changes through time in a 
specific place is a critical component of my research project.  
Cutter et al. (2000) used the hazards of place model to reveal the vulnerability of 
Georgetown county South Carolina to hurricanes. This study built on previous geographic 
assessments that only viewed vulnerability as a pre-existing condition or as a measure of the 
nearness to a threat.  In the 1990s there was a bureaucratic change in U.S.  hazards management 
driven mostly by the Federal Emergency Management Agency’s 1995 National Mitigation 
Strategy (Cutter et al. 2000). The focus of hazard management transitioned from technological 
and structural adjustments, to one that focuses on mitigation, preparedness, response, and 
recovery (Cutter et al. 2000).  The hazards of place model includes measures of proximity to the 
source of the hazard, while also considering the place at which these sources intersect with 
specific social conditions that are more or less susceptible when exposed to a hazard.  The first 
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step in determining the hazard of place is to discern the risk, or the probability of a locale to 
experience a hazard. This includes identifying the source, potential impact, and frequency of the 
risk (Cutter et al. 2000). Using Ocracoke as an example, hurricanes are formed from extreme 
low-pressure weather systems developing over the warm waters of the Atlantic Ocean, the 
impact depends on the strength and track of the storm, and on average hurricanes of category one 
strength come within one hundred miles of the island every other year (NOAA hurricane 
dataset).  Risk then intersects with the specific mitigation strategies of a place to produce the 
hazard potential (Cutter et al. 2000). The Cutter et al. (2000) case study also referenced the 
importance of essential lifelines and special needs locations or populations. Borrowing from Platt 
(1995), lifelines include infrastructure that allows for everyday livelihood processes to transpire 
(i.e. transportation routes). These lifelines become increasingly more important when considered 
in tandem with locations and populations that require special considerations (e.g. a small island) 
in regard to emergency response, advanced evacuation warnings, and complicated relocation 
procedures (Cutter et al. 2000).  Cutter’s hazards of place research primarily focuses on the 
intersection of social and biophysical vulnerability at the county scale (Cutter and Emrich 2006; 
Cutter et al. 2003; Cutter et al. 2000).  With increased attention on the importance of place and 
scale in this research, I suggest that a refined focus on an individual town site or community is a 
fruitful exercise in imagining the spatial and temporal place-specific dimensions of hazards.  
Community-based vulnerability assessments. 
The specific manner in which vulnerability is assessed in this research project is through 
the use of a community-based vulnerability assessment.  A community-based vulnerability 
assessment recognizes that the conditions that shape exposure and sensitivity are community-
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specific, and therefore works from the bottom-up to identify these conditions from the 
community itself (Smit and Wandel 2006).  The practice of community-based research 
necessitates in-depth and active participation with stakeholders, a long-term commitment to 
collecting information on relevant local human-environmental processes, the use of multiple 
sources of information, and requires a continuous relationship with decision-makers and 
members of the community (Smit and Wandel 2006; Ford and Smit 2004; Lim et al. 2004; 
Sutherland et al. 2005). Smit and Wandel (2006) also identify the possibility for this approach to 
be used in tandem with the Wisner et al. (2004) PAR model that recognizes the global network 
of ‘root causes’ and the local manifestations of ‘unsafe conditions’.  With this approach in mind, 
the goal of a community-based vulnerability narrative it to identify and describe “the conditions 
of risks (current and past exposures and sensitivities) that people have to deal with, and how they 
deal with these, including the factors and processes that constrain their choices (Smit and 
Wandel 2006, 289).” The result of this process is not aimed at producing a score of vulnerability, 
but rather to document the nature of vulnerability along with its various complex components so 
that we can begin to address strategies to increase coping capacities while decreasing 
sensitivities.  Also, these methodologies recognize the complex relationships between various 
exposures, sensitivities, and coping capacities throughout time.  As Smit and Wandel (2006, 288) 
state, “What is vulnerable in one period is not necessarily vulnerable (or vulnerable in some 
other way) in the next, and some exposures and sensitivities develop slowly over time.”   
In a community-based vulnerability assessment in the village of Saoluafata on the island 
of Samoa, Sutherland et al. (2005) conducted group interviews with local leaders and elders to 
identify climate-related sensitivities, and how these have changed through time. Participants also 
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discussed how they have responded to climate-related risks in the past, and how they would cope 
in the future if the frequency and intensity of climate hazards were to increase (Sutherland et al. 
2005).  The research group identified tropical cyclones, coastal erosion, and heavy rain as the 
participant’s primary concerns of biophysical vulnerability.  These risks are compounded by 
social factors that include the concentration of population and agriculture along the coast.  
Participants coped with these risks with infrastructure adjustments like drainage ways and 
seawalls, and also through social mechanisms like financial assistance from local government, 
churches, and family remittances. One major result of the assessment concluded that if the 
village of Saoluafata continues to westernize, the tight social networks that aid in hazard 
recovery process could deteriorate, thus leading to more vulnerable conditions.  
In another community-based approach Bolin and Stanford (1998) examined the 
production of vulnerability and the unmet recovery needs of southern Californian residents 
following the 1994 Northridge earthquake.  By conducting in-depth interviews with residents, 
community-based organizations, and non-governmental organizations, Bolin and Stanford (1998) 
revealed that the disaster magnified already present social inequalities, especially in regards to 
access to essential livelihood resources.  Within their place-specific account of vulnerability they 
also identified that the uneven distribution of people’s exposure to the disaster was less of a 
factor of vulnerability than their ability to cope following the disaster.  The practice of a 
community-based vulnerability assessment also aided in their ability to make specific policy and 
organizational suggestions to remedy the unmet needs of residents following the earthquake.  
Ford and Smith (2004) proposed an analytical framework for assessing the vulnerability 
of communities to climate change. Using communities in the Canadian Arctic as an example 
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they suggest an approach that relies heavily on historical accounts and local knowledge to 
document changes in hazard exposure and coping strategies through time.  In Ford and Smith’s 
(2004, p.396) own words: “By examining past responses to climate variability and extremes and 
having the community identify its future adaptation options and constraints, researchers can 
characterize a community’s ability to cope with future changes and collaborate to identify 
adaptive strategies that will reduce risk.”  The arctic case study examples intersect local 
observational accounts of climate change and individual responses, with biophysical 
measurements of changes in sea ice, permafrost, river dynamics, and species dynamics. The 
benefit of this approach is the ability to utilize information regarding how communities have 
historically experienced hazards, then identify what biophysical or social conditions have 
changed, and finally identify the conditions that could potentially constrain the communities 
ability to cope in the future (Ford and Smith 2004).  
 Community-based vulnerability assessments offer multiple strategies to address the 
place-specific dynamics of a hazard that are utilized in this research project.  Specifically, I rely 
on a diverse range of qualitative data sources to describe the historical and current attributes of 
place-specific vulnerability. I pair the results of in-depth participant observation with measures 
of biophysical vulnerability from multiple sources to produce synthesized accounts of potential 
future vulnerability. This approach is necessary to capture the dynamic and place-specific nature 
of vulnerability.  
The vulnerability of small islands. 
Small islands and small island communities are disproportionally vulnerable to hazards 
(Pelling and Uitto 2001; Brigulglio 1993).  Most research on islands and vulnerability focuses on 
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small island developing states (SIDS) (Pelling and Uitto 2001; Chand 1997; Mossler 1996; 
Brigulgio 1993). A common characteristic amongst island studies is recognition of the social and 
biophysical constraints that exacerbate vulnerability on all islands (Royle 2001).  Common social 
aspects of island vulnerability include limited political power, mono-economies, limited access 
to resources, and other consequences related to the general insularity of ‘islandness’ (Royle 
2001). Biophysically, islands have a limited land area, limited freshwater options, and are at the 
forefront of experiencing the associated sea level rise of global climate change (Pelling and Uitto 
2001). This research project recognizes the commonalities of islands and seeks to build on the 
literature with case studies that examine the dynamics of vulnerability on a United States barrier 
island.  
Research focused on small islands has explored multiple aspects of social and biophysical 
vulnerability (Mercer et al. 2007; Pelling and Uitto 2001; Mimura 1999; Briguglio 1995).  
However, within this island focused literature there is a noticeable gap in place-specific United 
States based island vulnerability assessments.   Pelling and Uitto (2001) collected disaster data 
on thirty-eight SIDS from around the world to identify specific links between global pressures 
and local island dynamics.  Their results identified several common vulnerable features of 
islands. For example, climate change has a compounding effect on island economies dependent 
on natural resources (including tourism), as hazard risk and economic security are 
simultaneously negatively affected.  Also, that the social vulnerability of islands is often the 
result of specific and identifiable local development activities that have drastically altered 
human-environmental interactions.  Briguglio (1995) focuses specifically on the economic 
vulnerabilities of SIDS in a comparison study with other mainland countries; in total he analyzes 
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114 countries, and 21 are SIDS. The results of this study determined that SIDS have less 
economic security than other mainland states, and that even when small islands have high GDP’s 
their economies are still extremely fragile due to foreign (or mainland) economic controls, mono-
economies, and other logistical problems associated with remoteness (Briguglio 1995).  Mercer 
et al. (2007) recognized the similarities in the social and biophysical conditions of SIDS, but also 
called for an integration of local indigenous knowledge as a primary data source within 
vulnerability assessments to environmental hazards. Much like the review of community-based 
vulnerability assessments Mercer et al. (2007) stressed the importance of understanding local 
historical accounts of hazards as a means to reduce the future disaster risk of SIDS. There are 
also examples of research focused more on the biophysical vulnerability of islands to climate 
change (Mimura 1999; Leatherman and Beller-Simms 1997; Lewis 1990). For example, Mimura 
(1999) assessed the vulnerability of four South Pacific island countries by mapping the impacts 
of various IPCC projections of sea level rise.  The results of Mimura’s (1999) study shows that 
the major threats to populations of these islands includes flooding, beach erosion, and saltwater 
intrusion into aquifers.  This research project builds on the findings of these mostly comparative 
international assessment of island vulnerability by considering how social and biophysical 
vulnerability play-out locally in a place-specific case study.  
Concluding the Review 
This research project is situated within the tradition of geographic inquiry into hazards. 
Theoretically, this tradition is influenced by the nature/society epistemological concerns of 
political ecology.  By this I mean that any geographic inquiry into hazards must consider the 
problematic inseparability of nature and society.  The literature presented above explored several 
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routes while trying to navigate this problematic and theoretically contested territory. For research 
in vulnerability this has resulted in multiple, overlapping, and sometimes conflicting, 
frameworks of explanation. This is mostly viewed as a positive (Eakin and Leurs 2006), as the 
issues of global environmental change are undoubtedly complex, a diversity of approaches is 
necessary.  This dissertation builds on these diverse approaches by contributing to the literature 
in multiple ways.  First, this research builds on the vulnerability of place literature by conducting 
an in-depth assessment of social and biophysical vulnerability at the scale of the community.  I 
also contribute to research in political ecology by examining the relationships of social change, 
individual experience, and access to resources, with specific attention to the implications of 
federal land management on changes in the local exposure to hazards.   This bridges the gap 
from the theoretical concerns of political ecology to the practical applications of community-
based vulnerability assessments, like preparedness, response, and recovery.  To summarize, this 
research advances hazards research by conducting a historical and community-based assessment 
of vulnerability that examines the complex and dynamic history of human-environmental 
relationships on a small barrier island in order to comprehend how future changes in social and 
biophysical conditions could influence the vulnerability of a place. 
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CHAPTER 3 
METHODS 
In this research I use a mixed-method approach to collect and analyze data to address the 
research questions.  The methods are primarily qualitative, and include the use of interviews and 
participant observation.  A survey is also used to collect qualitative and quantitative data.  
Secondary data includes the use of quantitative biophysical and social data, and historical 
archival sources. The following chapter details how primary data were collected, the format of 
the data, and how the data were analyzed. I justify the appropriateness of each method 
undertaken. I conclude by discussing how the use of method triangulation is capable of produce 
valid results that address the research questions.  
Data Collection  
 Primary data were collected with interviews, participant observation, and a survey.  
Secondary data includes the use of historical documents and quantitative biophysical and social 
data gathered from various sources (Table 2). The following section details the manner in which 
these data were collected and formatted for analysis. Data were collected for this project from 
June 2011 to June 2012.  This research has been rated exempt by the Institutional Review Board 
(IRB Protocol #: 1104006400) through the Arizona State University Office of Research Integrity 
and Assurance.   
I conducted interviews with fifty-four island residents. I used a purposeful interview 
sampling technique (Dey 1993). I identified five interview participants in a preliminary field 
scouting trip in the summer of 2010. These participants were members of the community who 
were heavily engaged in local issues regarding economics, culture, politics, and the environment. 
43 
 
I met these key informants at various board meetings, fundraisers, and via popular referral (e.g. 
“Oh, you should talk to so-and-so…”). From this original small sample of participants I used a 
snowball type methodology that relied on contacting people who were mentioned in the original 
preliminary sample of interviews.  The sample included male and female residents of various 
ages and from various backgrounds; including thirty-four males and twenty females, fifteen self-
proclaimed “native1” multi-generational residents and thirty-nine people who moved to the 
island from somewhere else, termed transplants.  I used a purposeful sampling technique to 
interview at least one person from each major local non-profit, community organization, and 
political board. The content of the interviews varied depending on the participant (e.g. an 
interview with the water manager focused mostly on water). All interviews started with basic 
introductory questions about island tenure and family history.  Below is a list of the most 
frequent questions asked during the interviews: 
• What are some of the changes you have witnessed on Ocracoke? 
• What do you perceive as the biggest threat to Ocracoke? 
• What do you think is Ocracoke’s greatest vulnerability? 
• Why do you think people come to visit Ocracoke? 
• What are your thoughts on the recent beach driving regulations?  
• What are your thoughts on the presence of the NPS on Ocracoke? 
• Can you explain any changes you’ve witnessed over the years in how you, or 
others, obtained fresh drinking water? 
• What are your thoughts on the addition to the water supply? Do you think it will 
impact Ocracoke? If so, how?  
• Have you stayed through a hurricane on Ocracoke? If so, can you explain the 
experience? 
                                                 
1
 Native does not refer to Native American, but is the term residents call themselves if their family lineage can be 
traced through multiple generations on Ocracoke. These multiple-generational islanders are in the minority. 
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• Did you stay for Hurricane Irene? Was Hurricane Irene different from other 
hurricanes you’ve experienced? How so? 
• How would you compare the recovery periods of Hurricane Irene and Hurricane 
Isabel? 
• Ideally, how would you envision Ocracoke in 20 or 30 years? 
 
Interviews were most frequently conducted in the homes of the participant. Interviews were 
recorded with a digital audio recorder and transcribed on my personal computer.   
Specific participant observation tasks involved consistent attendance at local meetings, 
volunteering, and on-the-job observing.  I attended the regular meetings of the following 
organizations: the Ocracoke Civic and Business Association, Hyde County Commissioners 
Meetings, Ocracoke Planning Advisory board, the Ocracoke Foundation, the Ocracoke Water 
and Sanitary District, Ocracoke Occupancy Tax Advisory board, the Ocracoke Preservation 
Society, and the Ocracoke Community Radio board.  I volunteered with the National Park 
Service, the Ocracoke Foundation, and the Ocracoke Preservation Society. I participated in on-
the-job shadowing at the Ocracoke water plant and with employees of the NPS.  Data were 
collected from these events with detailed note-taking in a field journal and with a digital audio 
recorder.  Recordings from these meetings were not transcribed, and the primary reference for 
these activities is my field journal.  In a subsequent section I justify the credibility of using a 
field journal in qualitative geographic research. 
In February 2012 I distributed a social survey to the community (see appendix A).  
Survey questions were drafted based on the problem statement laid out in my introduction and 
also included related topics of concern from interviews and participant observation.  Some of 
these topics were not explicitly within the scope of this dissertation (i.e. structure fires, off-shore 
drilling, garbage pick-up, etc.), but are still potentially important issues to the community.  I kept 
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these items in the survey as a precaution against overlooking potential issues of public concern. 
The survey also left space for additional comments with no subject prompting. The survey was 
reviewed and commented on by four knowledgeable residents prior to distribution: a local 
historian (male), the director of a local sustainable development non-profit (female), the co-
editor of a local online newspaper (female), and a local advocate for commercial fishing interests 
(male).  
The survey was distributed to every household with a PO Box at the local post office 
(there is no door-to-door mail service on Ocracoke).  The survey envelope contained a cover 
letter introducing myself and the research, describing the anonymity of participants, IRB 
exemption, and contact information. The survey was three pages and written in both English and 
Spanish. The survey was translated by someone whose first language was Spanish, and then 
retranslated back to English by someone whose first language was English. The Spanish version 
was then piloted on a Spanish-as-a-first-language speaker for approval. A pre-paid postage return 
envelope was also included. Of the 819 surveys distributed 203 were returned (a 24.8% return 
rate); the actual return rate is likely higher as a conservative 175 mailboxes are dormant during 
February (phone conversation with Ocracoke Post Master 2/26/2014).  The 202 returned surveys, 
one per household, accounted for 427 island residents; or 46% of the population. In a partnership 
with the Ocracoke Foundation I worked to create a map of the different types of housing on 
Ocracoke. We found that 271 houses were owner occupied year-round, and 95 used for year-
round rentals; totaling 366 year-round households. Since the survey was distributed in February 
when seasonal population is low to non-existent, the count of 202 returned household surveys 
equates to a 55% return rate.  The table below lists demographical attributes of the respondents. 
46 
 
Table 2  
Survey Respondent Demographics. For residency descriptions respondents were prompted to 
select all that apply, n=203. 
Survey Demographics 
  Avg. Age 56 
 Avg. Residency 23.5 years 
 
 
Count  Percent 
Male  94 46% 
Female  104 51% 
How do you describe your residency on Ocracoke? 
Native (Multi-generational islander) 36 18% 
Local 87 43% 
Retiree 50 25% 
Transplant 77 38% 
Temporary 9 4% 
Land-Owner 108 53% 
Race 
  White/Native American 6 3% 
Hispanic 2 1% 
White 188 93% 
 
The return rate may elicit some concern as to whether this is a high enough return rate to 
make generalizations about the population. Bridge (1992, 198) states that the response rate of 
thirty percent from a community is considered “good” for making generalizations.  If statistical 
analysis were to be conducted on the survey data only a sample size of thirty would be needed to 
determine “significance” (Bridge 1992). Baruch (1999, 423) compared 141 academic 
publications that used a survey as a primary data collecting technique and found that “a response 
rate of 20-30% is fairly typical for a mail-out survey.”  However, the information gathered from 
my survey is not meant to be a stand-alone representation of island attitudes. It is meant to work 
in concert with other data collected by other techniques so that generalizations can be made 
through a triangulation of multiple data types.   
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Secondary data included historical documents and biophysical and social quantitative 
data. Historical archival research was conducted at the Ocracoke Preservation Society (OPS) 
special collections library.  Historical documents were also accessed online at the Outer Banks 
History Center and collected via the mail. The library at the OPS contains a plethora of historical 
documents and photographs.  Also important as a historical source was a series of NPS 
conducted interviews in 1974 as part of a Cape Hatteras National Seashore oral history project. 
Michael V. Wurm, an NPS employee, conducted nine interviews with Ocracoke residents.  
These interviews were with older residents and discuss life on Ocracoke. The OPS library also 
contained past planning and land-use documents that are essential sources of information in 
chapter five.   
Social and biophysical quantitative data were gathered from various sources (Table 2).  
Social data includes demographic data, visitation data, and water use data. In the research project 
these data are used mostly for descriptive purposes. Biophysical data include erosion data, 
historic shoreline data, historic hurricane tracks, hurricane induced coastal change projections, 
and dune elevation.  These data are spatially referenced within a GIS.  
Table 3 
 Secondary Data Sources.  
Data Source Type Date  
Demographics U.S. Census  Counts 2012 
Visitation  North Carolina Ferry Division  Counts 1991-2011 
Water Use Ocracoke Water and Sanitary District Counts 1991-2013 
Coastal Change / 
Elevation 
USGS - National Assessment of Coastal 
Change Hazards GIS 2012 
Hurricane Data NOAA - Historical Hurricane Tracks GIS 2014 
Historic Shoreline 
Data 
USGS – National Assessment of Shoreline 
Change GIS 1849-1997 
Erosion Rates 
North Carolina Division of Coastal 
Management  GIS 2012 
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Analysis Design: Triangulation 
The analysis of qualitative data in geographic research can involve varying degrees of 
systematic and creative techniques.  In this section I discuss how the data collected in this 
research project were analyzed and justify the validity of the approach.  Researchers in 
qualitative methods and the social sciences have discussed the benefits and deficiencies of 
various procedures to analyze qualitative data (Baxter and Eyles 1997; Marshall and Rossman 
1989; Lincoln and Guba 1985; Rose 1982). Most important to these discussions is an explicit 
account of how the data were collected, how the sampling was done, how the data were 
analyzed, what results are presented, and are the observations derived from the data credible.  
The best practices for qualitative data analysis are debatable, but an over-lapping set of analytic 
procedures have demonstrated validity through various evaluations (Baxter and Eyles 1997).  In 
this section I describe the triangulation of three different data sources, collection techniques, and 
analysis that I use to make a case for the validity of my findings and conclusions.  
Triangulation in qualitative analysis – much like its quantitative-based namesake –  
involves the validation of information in relationship to at least two other known points; although 
in qualitative research sometimes only two total data points are necessary (Baxter and Eyles 
1997).  This approach can include a triangulation of data sources, methods, investigators, 
analysis, or any combination of these (Lincoln and Guba 1985; Denzin 1978).  I use the 
triangulation of three different data collection methods – interview, participant observation, and a 
survey – to insure that my conclusions meet rigorous methodological standards.  In this manner 
any shortcomings of each method are absorbed by the strengths of another (Lincoln and Guba 
1985). Lincoln and Guba (1985, 306) explain this practice with an apropos analogy: “[i]t is as 
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though a fisherman were to use multiple nets, each of which had a complement of holes, but 
placed together so that the holes in one net were covered by intact portions of other nets.” 
Lincoln and Guba’s (1985, 307) book Naturalistic Inquiry is an often-cited resource in 
qualitative analysis and guides the procedures carried-out in this analysis:  
 In summary, we believe it to be the case that the probability that findings (and 
 interpretations based upon them) will be found to be more credible if the inquirer is able 
 to demonstrate a prolonged period of engagement (to learn the context, to minimize 
 distortions, and to build trust), to provide evidence of persistent observation (for the sake 
 of identifying and assessing salient factors and crucial atypical happenings), and to 
 triangulate, by using different sources, different methods, and sometimes multiple 
 investigators, the data that are collected.  
In this research my analysis included the triangulation of data collected from interviews, 
participant observation and a survey.  My results were supported using three different techniques 
for collecting and analyzing data. Interviewing is a standard data collection technique in 
qualitative research.  There are multiple ways to conduct interviews based on what type of data 
the researcher wants to collect (Crang and Cook 1995, Agar 1980).  I conducted semi-formal and 
adaptable conversations that were designed to encourage the participant to feel their own way 
through the interview. These interviews are often described as “a conversation with a purpose” 
(Kvale 2006, Burgess 1988, Lincoln and Guba 1985, Kahn and Cannel 1957).  Prior to each 
interview I designed a checklist to assure that the conversation would address major themes of 
the research questions. For example the checklist would include headings like: NPS, livelihood, 
water, hurricanes, etc.  There were occasions where interviewees wanted to steer the 
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conversation towards seemingly distant topics (i.e. the civil war, golf cart usage, people not 
picking-up after their pets, and many others) to which the checklist proved helpful to bring the 
conversation back to the topics of interest.  However, some of the most insightful data collected 
from interviews came from when respondents wandered off the topic.  My use of this interview 
technique is similar to how Marshall and Rossman (1989, 82) characterize the proper conduct of 
in-depth interviews:  
 The researcher explores a few general topics to help uncover the participant’s meaning 
 perspective, but otherwise respects how the participant frames and structures the 
 responses. This, in fact, is an assumption fundamental to qualitative research – the 
 participant’s perspective on the social phenomenon of interest should unfold as the 
 participant views it, not as the researcher views it.  
The data collected from interviews, in quoted form, were crucial for identifying relationships 
between the major themes of this dissertation.  This information when linked with other data 
sources “provides a powerful tool for identifying empirical relationships between different parts 
of the data (Dey 1993, 62).”  It is the triangulation of data collected from interviews, with data 
collected from participant observation and a survey that I argue validate the themes identified.    
Participant observation is an immersive technique practiced to gain insights into the daily 
lives and routines of the research participants. This technique (Marshall and Rossman 1989, 79): 
 [D]emands firsthand involvement in the social world chosen for study. Immersion in the 
 setting  allows the researcher to hear, see, and begin to experience reality as the 
 participants do. Ideally, the researcher spends a considerable amount of time in the 
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 setting, learning about daily life. This technique for gathering data is basic to qualitative 
 research studies.  
Participant observation is practiced with varying degrees of participation, research portrayal, 
duration, and focus (Marshall and Rossman 1989).  My level of participation included an in-
depth long-term commitment.  Research portrayal is how a researcher presents him/herself and 
their research to the community of interest. Accounts of research portrayal to participants in 
qualitative research vary from covert to fully-open (Marshall and Rossman 1989).  My degree of 
portrayal was located near the middle of this scale, but slightly closer to fully-open.  Residents 
had a broad idea of what I was doing.  When introducing myself to participants in meetings, or 
while scheduling an interview, I often alluded to vague themes of “social change”, 
“environmental change”, “way of life”, “culture”, and “vulnerability.” For example, when asked 
to introduce myself at a meeting
2
 I would say something such as: “I am a graduate student at 
Arizona State University studying social and environmental change.”  If asked to elaborate I 
might say, “I am interested in the history and geography of the changing landscape and what 
people think of that change.”  Participant observation was successful in providing context and 
texture to the research, but the format of the data collected is limited by its ability to be 
empirically analyzed. To triangulate this data, I used survey results to inform participant 
observation interpretations.  
A survey can be a qualitative and/or quantitative research technique that allows the 
researcher to reach a wider population sample with a standardized set of questions. The survey I 
used in this project included the use of qualitative and quantitative data gathering techniques. 
                                                 
2
 The Hyde County Commissioners meetings were telecast to Ocracoke from the mainland and held at the local 
school. On a few occasions in the winter these meetings included only the Ocracoke commissioner, the secretary, a 
local journalist for the small online newspaper, and me.  Being overt was not a realistic option.  
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There are, of course, concerns regarding categorical assumptions and judgments made on the 
part of the researcher that need to be addressed prior to and after conducting a survey. The 
critiques involving the problems of survey interpretation and classification are as important to 
consider as any other research design decision. (Dey 1993, Marsh 1982).  In a discussion on the 
critiques of quantitative surveys levied by qualitative purists Dey (1993, 15) states:  
 What these various forms of research often have in common is a rejection of the 
 supposedly positivist ‘sins’ associated with survey methods of investigation, most 
 particularly where data are elicited through closed questions using research-defined 
 categories. A grudging exception may be allowed for open questions in a questionnaire 
 survey, but in practice – for the sake of purity, perhaps – data from this source are often 
 ignored.  
 Therefore, it is important to be explicit about how the data collected through the survey 
was used to address the research questions and why the survey questions and categories were 
chosen. The survey was a supplemental technique used to reach residents that were not visibly 
active in local cultural, political, or economic activities, but still had valuable perspectives on the 
nature of socioenvironmental change on Ocracoke. The survey served as another technique to 
triangulate the results of the project in order to empirically validate the research claims as 
accurate representation of people’s views. I compared the survey results to other collected data to 
make quantifiable inferences of the wider population sample (Cloke et al. 2004).  The survey 
results were used within this project in two specific ways. First, to make inferences regarding 
residents attitudes (e.g. a majority of survey respondents on Ocracoke were not as concerned 
with issues of water infrastructure development as they are with issues of beach closures). 
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Second, information obtained from the open-ended  comments section of the survey are used to 
further triangulate data collected from interviews and participant observation (see Chapter 4). 
Analysis  
Overall, qualitative research is “concerned with how the world is viewed, experienced 
and constructed by social actors. They provide access to the motives, aspirations and power 
relationships that account for how places, people, and events are made and represented (Smith 
2000, 660).”  Therefore, when in the field, researchers are welcoming of the expanding and 
redirecting scope of projects, and creativity is embraced (Bailey et al. 1999).  Upon returning to 
their home institution to synthesize the collected data into results, a rigorous method of analysis 
is expected to be applied to the often overwhelming amount of oral and textual data collected 
(Crang and Cook 2007).  This analysis is used to validate how the organization of presented 
material is an accurate construct of reality, while also an authentic representation of the 
experience (Lincoln and Guba 1985). This validation is important, as Baxter and Eyles (1997, 
506) state: 
 Qualitative researchers are encouraged to allow the research situation to guide research 
 procedures in order that they may gain access to human experiences. Yet for the research 
 to be evaluated, there must be clarity of design and transparency in the derivation of 
 findings.  
There are various approaches to achieving validity in qualitative analysis, including 
computer-assisted coding, practices of logical inference, a grounded theory approach, negative 
case analysis, and triangulation.  Computer-assisted coding analysis requires the researcher to 
identify and code themes that are deemed important within a predetermined explanatory 
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framework (Crang and Cook 1995).  Various software packages exist that count the occurrences 
and prevalence of the constructed themes. The advantages and disadvantages of this type of 
analysis have been thoroughly discussed (Crang et al. 1997).  Computer-assisted analysis has 
been shown to be very useful when analyzing a large amount of data, and especially if the 
researcher is seeking to address a very specific set of research questions (Crang and Cook 1995).  
Ryan and Bernard (2003, 99) have critiqued the use of this word occurrence method by stating 
that “[t]here is, of course, no guarantee that any of analysis of a word co-occurrence matrix will 
be meaningful, and it is notoriously easy to read pattern (and thus meaning) into any set of 
items.” They (Ryan and Bernard 2003, 101) offer a solution to this by stating that “some of the 
scrutiny-based techniques (searching for repetitions, indigenous typologies, metaphors, 
transitions, and linguistic connectors) are best done by eyeballing, and this can be quite time 
consuming.” In general, it appears as if some qualitative researchers are against the use of 
computer-assisted coding because the research is more about depth than coverage (Smith 2000).  
The mining of statistical significance in qualitative data can also be considered an affront to the 
very purpose of qualitative research (Lee and Fielding 1991; Mitchell 1983).   
Logical inference relies heavily on interpretation, but in general it is “the process by 
which the analyst draws conclusions about the essential linkage between two or more 
characteristics in terms of some systematic explanatory schema (Mitchell and Draper 1982, 
200).”  The systematic explanatory schema is flexible, and seemingly loose, depending on the 
data and researcher (Smith 1984). The grounded theory approach works in reverse of most 
qualitative analysis procedures – reviewing the data prior to considering possible theoretical 
framings (Rennie 1998).  Analysis involves a procedure of “constant comparison” where “the 
55 
 
gathering of the data and their analysis proceed concurrently (Rennie 1998, 103).”  In the actual 
analysis the data were coded and grouped into categories defined by the researcher with the 
intent of grouping all categories in relation to each other in a taxonomic structure.  Negative case 
analysis is an inductive process that involves re-reading data while constantly changing and 
tweaking the research hypothesis until it is an accurate representation of all cases (Baxter and 
Eyles 1997).  This type of analysis has been critiqued for casting too wide of a net, thus 
producing such vague results that they are conceptually and theoretically inconsequential 
(Lincoln and Guba 1985).   
My analysis involved a triangulation of data collection methods.  As noted in the 
introduction I gathered data using three different techniques: interviews, participant observation, 
and a survey. Secondary data sources such as historical documents and biophysical GIS data are 
used to further validate findings.   The procedures in which these texts and oral histories are 
analyzed vary depending on what I judged as the best practice for each data format.  In the 
following section I explain the procedures used to analyze each data set.  
Interviews. 
Semi-formal interviews were conducted to solicit people’s ideas, opinions, and 
knowledge about local socioenvironmental issues and conditions.  After transcribing the 
interviews I reread them numerous times while making notes in the margins. In a step-by-step 
procedural account of qualitative analysis Bogdan and Biklen (1982, 165) suggest rereading 
transcripts at least twice to increase the legitimacy of theme identification.  In discussing the 
importance of theme identification Ryan and Bernard (2003, 88) state that “the act of discovering 
themes is what grounded theorists call open coding and what classic content analysts call 
qualitative analysis.” Ryan and Bernard (2003) also stress an explicit description of “theme 
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discovery” when conducting qualitative analysis. The process of theme identification does 
involve judgment calls by the investigator (Agar 1980). However, “if these judgments are made 
explicit and clear, then readers can argue with the researchers conclusions (Ryan and Bernard 
2003, 88).”  The aim of this section is to be explicit and clear about the data and how they were 
analyzed.  
Ryan and Bernard (2003) list several techniques for identifying themes when analyzing 
qualitative data.  To address my research questions I analyzed interview transcripts for the 
following themes: repetitions, indigenous typologies or categories, similarities and differences, 
missing data, and theory-related material.  Recognizing repetitions is one of the most commonly 
used procedures for identifying themes in interviews (Guba 1978, Bogdan and Taylor 1975, 
D’Andrade 1991, Strauss 1992). The most repeated theme in my interview transcripts involved 
the NPS and ideas of change (social and environmental). Ideas of change included a wide-range 
of topic discussions that were identified and highlighted in the text. In subsequent readings of the 
transcripts I identified and marked, quotations that succinctly characterized the repeated themes.  
Identifying indigenous typologies or categories involves “look[ing] for local terms that may 
sound unfamiliar or are used in unfamiliar ways (Ryan and Bernard 2003).”  This involved 
analyzing the transcripts for phrases or descriptions of socioenvironmental processes that were in 
unfamiliar terms.  For example, it is this technique that helped identified local beliefs regarding 
the relationship between the geographical orientation of the island and occurrences of hurricanes 
(this idea is further explained in Chapter 6). The identification of similarities and differences 
involves a “constant comparison” of all other transcript text that focuses more on the data than 
theoretical preconceptions (Ryan and Bernard 2003, Glaser 1978, Charmaz 1990, Strauss and 
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Corbin 1990). The procedure for this analysis as explained by Ryan and Bernard (2003, 91), 
involves asking yourself (the researcher), “How is this text different from the preceding text? 
And what kinds of things are mentioned in both?”  Identifying themes from missing data 
involves considering what topics are not mentioned (Bogdan and Taylor 1975).  This technique 
is difficult to systematize, but some have tried (Ryan and Bernard 2003, 93): 
This means reading a text over and over. On the first reading, salient themes are clearly 
 visible  and can be quickly and readily marked with highlighters. In the next stage, the 
 researcher searches for themes in the data that remain unmarked. This tactic – marking 
 obvious themes early and quickly – forces the search for new and less obvious themes in 
 the second pass.  
The ‘missing data’ approach proved helpful to address questions regarding the lack of mention of 
changing water infrastructure and its relationship to environmental change and development (this 
subject is further explained in Chapter 5).  Theory-related material involves analyzing transcripts 
to identify how the data illuminate important theoretical concepts in contemporary geographic-
thought, or any other social science (Spradley 1979).  This technique requires researchers “to be 
more sensitive to conditions, action/interactions, and consequences of a phenomenon and to 
order these conditions and consequences into theories (Ryan and Bernard 2003).”  Within my 
research this involved highlighting text that conveyed information about socioenvironmental 
conditions that pertained to my research questions.  
Theme identification approaches were paramount in developing a systematic procedure to 
analyze interview transcripts.  A critique of transcript analysis often focuses on the lack of 
transparency regarding why some interview quotes are included in the final product, while others 
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are excluded, and still other projects have a complete absence of respondent quotes (Baxter and 
Eyles 1997).  Including quotes is “important for revealing how meanings are expressed in the 
respondents’ own words rather than the words of the researcher (Baxter and Eyles 1997, 508).” 
The quotes identified within this dissertation were selected based on the criteria above. Those 
quotes that best described the identified theme were chosen to provide texture for the case study 
while advancing the goals of the research. “Best described” quotes were those that succinctly and 
coherently represented the major thematic categories I identified.  
Participant Observation. 
 The procedure for analyzing participant observation data in this project is less systematic 
than interview transcript analysis. This is due in part to the format of the participant observation 
data. Participant observation data was recorded in three field journals and with digital recordings. 
Maintaining detailed field notes in a journal is essential for participant observation research. As 
Crang and Cook (1995, 146) state “the ‘paper trail’ of notes and revisions which is central to 
such analysis is evidence of its ‘reliability’ because the reason for your interpretations are 
explicit, and you can show that your analysis is much more than just ‘quarrying out the good 
bits’ or using field material to lend an eye-witness authority to your account.” It is difficult to 
give a step-by-step procedural account of how participant observation data was analyzed, but the 
process is crucial for providing texture and depth to my findings. The very act of attending 
regular meetings and community activities gave me important insights into the place and also 
provided diverse information regarding people’s thoughts on environmental issues.   
The manner in which participant observation data are obtained and organized – mostly 
through field notes– already involves an initial stage of analysis.  The very act of my qualitative 
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field work required data to be analyzed on-the-go in various research stages. For example, the 
refocusing of my research aims, deciding how questions were phrased, the methods I used, the 
people I chose to interview, the notes taken in my field journal that were deemed important, and 
how I made sense of all these experiences (Crang and Cook 1995).  After these tasks, “what this 
formal stage of analysis is supposed to do, then is to reconfigure this data, to look at it much 
more carefully and critically, and to perhaps de- and recontextualise different parts so as to be 
able to see new themes and patterns in it (Crang and Cook, 195).”  Dey (1993, 103), further 
details this process: 
In some forms of research, such as participant observation or ethnography, the analyst 
 may be reluctant to adopt any prior conceptions before entering the field, and may 
 therefore depend almost entirely on inferring distinctions from the data.  
  The literature regarding the practice of participant observation positions the analysis of 
data as occurring simultaneously with the actual data collection (Becker and Geer 1982). 
However, there are methods for reviewing and making generalizations from this material.  I draw 
from these procedures to analyze my participant observation data. Analysis of my participant 
observation notes started early in my field work and involved constant writing, figuring, 
sketching schematic mapping, and reflection. This process admittedly involved a great deal of 
interpretation on my part.  I borrowed Becker and Geer’s (1982, 241) three steps of analyzing 
participant observation data, which begins at the start of field work.  First, I selected and defined 
the community problems and concepts.  This involved searching for indicators of the inherent 
problems of a small island community (small land mass, limited economic opportunities, etc.) 
coping with various processes of socioenvironmental change. The second step involved an 
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examination of the frequency and distribution of potential socioenvironmental phenomenon.  
This included the identification of the National Park Service, threatened species, sand dunes, off-
road vehicle driving, highway 12, the tourism industry, village development and growth, and 
hurricanes, as frequently mentioned concerns distributed in various social spaces (meetings, 
informal community gatherings, volunteering, etc.).  Frequency was determined while in the 
moment of participant observation tasks, but also through a review of notes in my field journal.  
This involved carefully reading my notes while marking and categorizing themes involving 
socioenvironmental change. For example, if a meeting participant expressed a concern over the 
NPS and tourism I made note of that in my journal.  Upon reviewing my journal I highlight this 
event and categorize it as “NPS/tourism.” If a meeting attendee makes a claim about an 
unwillingness to evacuate during a hurricane I mark that instance as “Hurricane/Evacuation.”  
Overtime, patterns began to emerge within the marked field journals in regards to how the 
community understands socioenvironmental change, and the field work process adapted 
accordingly. The third step involves incorporating the data into some sort of generalized 
organizational model. This included organizing reoccurring themes with the Pressure and 
Release (PAR) model of Wisner et al. (2004) as discussed in chapters one and two.  Within this 
organization model the information gathered from participant observation is identified as either a 
root cause or dynamic pressure in the production of community vulnerability. This information 
is, of course, supported by the generalizations derived via the interviews and survey.    
Survey. 
In social science research, participant observation is often used as an alternative to data 
obtained via social surveys (Dey 1993, 4).  Dey (1993) documents the pairing of surveys with 
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other qualitative fieldwork methods as as means to erode traditional distinctions of what the 
‘right’ or ‘appropriate’ data collection method might entail.  The survey I distributed used a 
Likert scale to allow people to rank and order their socioenvironmental concerns.  The use of a 
Likert scale does require categorization of ideas deemed important by the researcher, and thus 
need to be explained.  The decisions made for choosing particular categories and questions were 
informed from seven months of conducting interviews and participant observation. To obtain 
information regarding my three case studies that focus on issues of land management, water 
management, and hurricanes, it was important for me to pose categories and questions that dealt 
with the dynamics of each of these issues (i.e. NPS, highway 12, erosion, endangered species, 
water supply, more development, etc.).  The inclusion of “way of life” in the survey questions 
was borrowed from the phrasing I often heard when speaking to island residents. For example, 
“the Ocracoke way of life is this…” or “this is going to ruin the Ocracoke way of life.” It could 
be argued that this phrasing is suggestive or leading, and in retrospect perhaps I should not have 
included that phrasing in the survey.  However, livelihoods are a very important aspect of 
vulnerability assessments, within this dissertation “way of life” is considered synonymous with 
“livelihoods.”  “Way of life” captures nuances that might be overlooked by just asking how a 
certain change might affect a person. For example, if I were to ask “How does the new addition 
of the water plant affect your life?” A simple answer for someone who already has municipal 
water might be “It does not.”  However, if the question is posed “How does the new addition of 
the water plant affect your way of life?” I feel that this wording ask respondents to answer while 
considering other cultural, aesthetic, community, and economic processes that would not have 
been captured in the first example. 
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Data obtained from the survey are presented in Tables 2 and 3 as median responses.  
Since the data is ordinal the descriptive statistics of mean and standard deviation are purposefully 
absent.  A comparison of medians allows the data to be ranked and compared.  I include these 
data here as it will be referenced in subsequent chapters. For example, when I state that residents 
were more concerned about off-road vehicle beach closures than they were the loss of 
endangered species, I am referencing these data, and often in relationship to other data obtained 
from participant observation or interviews. Although the creation of survey questions can be 
criticized for inherent bias, the information gathered from participant observation and interviews 
served as the informing foundation of the questions posed in the survey.    In this manner the 
questions are derived from the concerns of the residents themselves.  
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Table 4 
Survey Question Median Responses. Scale of concern 0-4. 0 = no impact, 4 =  maximum impact. 
 
Median 
Response 
How would a toll on the Hatteras ferry affect your way of 
life?  4 
How does restricted off-road vehicle access on the beach 
affect your way of life?  3 
How will a permit granting system for off-road vehicle 
use on the beach affect your way of life? 3 
How will a permit granting system for off-road vehicle 
use on the beach affect your personal economic situation? 
3 
How does restricted off-road vehicle access on the beach 
affect your personal economic situation?  2 
How does the new addition to the water plant affect your 
way of life?  2 
How did Hurricane Irene impact your personal finances?  2 
How did Hurricane Isabel in 2003 impact your personal 
finances? (omit if you were not a resident) 2 
How concerned are you about the impacts of sea level 
rise on Ocracoke? 2 
How did Hurricane Irene impact your place of residence?  1 
How did Hurricane Isabel in 2003 impact your place of 
residence?  (omit if you were not a resident) 1 
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Table 5 
Survey Ranking of Local Issues. Scale of Concern. 0=No Concern, 4=Maximum Concern 
How concerned are you about 
each of the following changes to 
the Ocracoke way of life? Median 
  Destruction to Highway 12 4 
A toll on the Hatteras Ferry 4 
Property Taxes 4 
Off-Road Vehicle Beach Closures 4 
Hurricanes / Storms 3 
Waste Removal 3 
Regulations on Commercial 
Fishing 3 
An increase in sound ferry tolls  3 
Beach Erosion 3 
Fire 3 
More Development 3 
Affordable Housing 3 
Off-Shore Drilling 3 
Adequate freshwater supply 3 
Sea Level Rise 2 
The loss of Endangered Species 2 
 
Justifying the Analysis   
Baxter and Eyles (1997) – borrowing from Rose (1982) and Lincoln and Guba (1985) – 
provide criteria for evaluating the validity of qualitative research.  The criteria involve assessing 
an analysis for credibility, transferability, dependability, and confirmability.  Credibility is 
defined as “the degree to which a description of human experience is such that those having the 
experience would recognize it immediately and those outside the experience can understand it 
(Baxter and Eyles 1997, 512).”  Lincoln and Guba (1995) state that credibility can be satisfied by 
practicing purposeful sampling, prolonged engagement, persistent observation, and triangulation 
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– all of which are addressed within this research design.  Transferability is defined as “the degree 
to which findings fit within contexts outside the study (Baxter and Eyles 1997,515).”  
Transferability can be satisfied by practicing purposeful sampling and thick description (Lincoln 
and Guba 1985).  In terms of the four criteria listed transferability is the least addressed in 
qualitative research (Lieberson 1992).  In spite of the difficulty of satisfying transferability in a 
case-specific qualitative assessment Baxter and Eyles (1997, 516) suggest that through thick 
description (as coined by Geertz 1973) other readers can extrapolate findings to other places and 
people.  
 The original researcher must describe the study context as completely as possible 
 because, at root, transferability, involves the degree to which constructs are meaningful to 
 other groups (as yet unstudied or not yet compared with the original group. Detailed, 
 thick description (Geertz 1973) – as a methodological as well as interpretive strategy – of 
 how constructs/hypotheses are developed and what they mean, will be of use to the 
 researcher or layperson who wished to determine the degree to which they may be 
 transferred to other contexts.  
In this sense, the detailed descriptive nature of the dissertation provides potential transferability 
to other groups or places that have yet to be studied.  
The third criterion to evaluate qualitative analysis is dependability.  Dependability is the 
ability of the results to be applied to similar processes through space and time (LeCompte and 
Goetz 1982). For example, if someone else was to conduct the research using the same methods 
and analysis, would their findings be similar? To satisfy this criterion research designs should 
include mechanically recorded data, participant research, peer examination, and triangulation 
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(Lincoln and Guba 1985).  To fortify the dependability of qualitative research it is recommended 
to keep detailed field notes and audio recordings of all research activities and events (LeCompte 
and Goetz 1982); both of which are built into the research design of this project.  Finally, 
confirmability is the “extent to which biases, motivations, interests or perspectives of the inquirer 
influence interpretations (Baxter and Eyles 1997, 512).”  To satisfy this criterion research 
designs should include paper trails, thick description of the paper trail, and the keeping of a 
journal (Lincoln and Guba 1985).  Confirmability is an account of all other criteria, including 
“how decisions were made regarding the determination of credibility, transferability and 
dependability.”   
The literature and analysis techniques detailed in this chapter are the foundation for 
which the methodological practices of this research are carried-out.  Data related to 
socioenvironmental change and local knowledge was collected with interviews, participant 
observation, and a survey. Each of these methods has their deficiencies, but through the practice 
of data triangulation I am able to construct justifiable research conclusions.  To summarize, 
interview transcripts were thoroughly reviewed multiple times to identify prevalent themes. 
Theme identification was analytically driven by the systematic search for repetitions, indigenous 
typologies or categories, similarities and differences, missing data, and theory-related material.  
The analysis of participant observation materials, although not as meticulous as interview theme 
identification, provided texture and description to the case studies that otherwise would have 
been absent.  Participant observation analysis does involve the interpretation of materials; any 
interpretations of questionable dependability are justified through the use of a survey.  The 
survey collected and quantified residents attitudes of socioenvironmental change that are then 
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compared with and/or corroborate interpretations derived from participant observation analysis. 
Although survey wording and question creation can be laden with biases, the use of participation 
observation informed the creation and decision-making of survey categories as a measure to 
protect against my personal bias.  In sum, the methods work in concert to obtain, analyze, and 
construct an accurate description of socioenvironmental phenomenon.  
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CHAPTER 4 
LAND MANAGEMENT AND SOCIOENVIRONMENTAL CHANGE ON THE CAPE 
HATTERAS NATIONAL SEASHORE OF OCRACOKE ISLAND 
Understanding the vulnerability of a place necessitates an examination of local historical, 
biophysical, cultural, political, and economic conditions.  The National Park Service (NPS) 
manages over ninety percent of the landmass on Ocracoke and has influenced each one these 
conditions. In this chapter I describe the dynamic biophysical conditions of the barrier island, 
and detail how it has changed through time. I rely on the use of a landscape narrative, informed 
by historical and observational accounts, to document the intrinsically linked human-
environmental history of the place; this is the intersection of biophysical and social conditions. I 
then document the history and impetus for the creation of the Cape Hatteras National Seashore 
(CAHA).  I analyze qualitative data collected from semi-formal interviews with local residents 
regarding the relationship between the people of Ocracoke, socioenvironmental change, and the 
NPS. I also review historical documents that evidence varying local knowledge regarding 
socioenvironmental change. I then consider recent regulations and debates regarding the use of 
off-road vehicles (ORV) and threatened species protection within the CAHA boundaries as 
exemplary of local human-environmental relations. Next, I provide examples of the interwoven 
nature of changing geomorphic conditions, vegetation, and exposure to hazards.  
I conclude by offering a synthesis of the various aspects of land management on 
Ocracoke as they relate to the parameters of the vulnerability assessment.  Within this synthesis I 
address three of the research questions presented in the introductory chapter. How and to what 
degree does NPS land management on Ocracoke influence environmental conditions and 
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change? How does local knowledge of socioenvironmental change influence the progression of 
vulnerability? What are the implications of changing NPS land management techniques for 
shifting environmental risk regimes and socioeconomic well-being of residents?   
The information derived from an examination of the local environmental history, 
biophysical processes, and qualitative data are used to inform the progression of vulnerability on 
Ocracoke within the PAR model.  This analytical practice provides a textured description of 
vulnerability of place that enriches the quantification of physical and social variables. What I 
mean is that in lieu of a vulnerability index or score, I rely on descriptive historical, social, and 
biophysical data as the foundation for which generalizations regarding vulnerability are made.   
Vulnerability is a place-specific condition nested with a specific series of historical, social, and 
biophysical processes. The aim of this chapter is to identify these processes within the PAR 
model as a means to address the harmful consequences of potential hazards. At the end of the 
chapter the progression of vulnerability, as related to issues of land management, is categorized 
within the PAR model as root causes, dynamic pressures, and unsafe conditions.   
Social and Biophysical Conditions 
Since 1991 an average of 885,000 people per year are ferried across the Hatteras Inlet to 
Ocracoke Island on the Hatteras-Ocracoke ferry (NC Ferry Division). This accounts for 
approximately 87% of the transportation to Ocracoke, with the Cedar Island (10.5%) and Swan 
Quarter (2.5%) ferries accounting for the remainder.  The Hatteras Inlet is the meeting point of 
the Atlantic Ocean and Pamlico Sound – the second largest estuary in the United States. The 
inlet physically opened in its current location in 1846, thus separating Hatteras and Ocracoke 
(Riggs et al. 2011).  Since then, the inlet has been on a slow western migration. Sand migrating 
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with longshore currents is deposited on the western point of Hatteras Island which causes the 
inlet to further erode the northeastern point of Ocracoke (Riggs et al. 2011).  The Army Corps of 
Engineers maintains the 5 mile ferry channel which initially hugs the southeastern sound-side 
coast of Hatteras, bears slightly north to avoid the rough waters at the inlet mouth, and again 
hugs the sound-side northeast point where the ferry deposits visitors.  The entire trip usually lasts 
between forty to forty-five minutes.  The trip can be significantly longer when shoaling occurs 
(when the ferry gets stuck in the sand). The ferry departs every hour on the hour between 6:00am 
and Midnight, with increased frequency during the summer tourist season.  It is not unusual for 
there to be suspended ferry service for several days due to shoaling, high winds, and waves, 
especially during the winter nor’easter season.  As the primary route to and from Ocracoke the 
Hatteras-Ocracoke ferry is a critical lifeline, both economically for securing the transportation of 
tourists and in terms of hurricane evacuation.   
The northeast portion of Ocracoke Island is a continuation of the CAHA from Hatteras 
Island. Here the island is approximately half a mile wide. To the east is the highest point on the 
island, a forty-five foot high pile of dredged sea floor.  The two-lane highway 12 continues from 
the ferry terminal thirteen miles southwest to the village; here the island varies from less than 
one-thousand feet to a maximum of approximately three-thousand feet wide.  This slender 
section of the island, consisting of 90% of the total island landmass, is managed and regulated by 
the NPS.    The highway, paved by the State of North Carolina in 1957, hugs the sand dune-lined 
beach which is regularly windblown onto portions of the road. Regular dune maintenance by the 
North Carolina Department of Transportation (NCDOT) is a necessity. The high sand dunes are 
human-made. In the early stages of NPS management (1930s-1950s) on the island, dune 
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encouragement in the name of erosion control was a primary concern. Like much of the NPS 
decision-making sweeping the nation during this time minimal ecological, biological, or 
geomorphic research informed these plans (Nash 2001). The Civilian Conservation Corps built 
miles of fence and planted sea oat grass to catch sand in place.  The NPS planning strategies of 
this era were guided by the ideas of landscape architects (Sellars 2009). This stretch of 
manicured shoreline exemplifies their ideas; erosion on the island has been rapidly increasing 
ever since (Riggs et al. 2011). 
Dune building has also drastically changed vegetation growth patterns on the island 
(Frankenberg 1995). The slender CAHA portion of the island can be categorically divided into 
three different sections of varying geomorphic and vegetative properties.  The flat most northeast 
portion of the island (the first three to four miles traveling southwest from the Hatteras ferry) are 
still prone to regular overwash with the most prominent vegetation type being the American 
beach grass. There is regular dune rebuilding initiatives underway in this portion of the island.  
Bulldozers are always present as dunes are regularly reinforced by the NCDOT. The American 
beach grass found here is not commonly found on Ocracoke.  
Approximately seven miles southwest of the ferry the dunes and vegetation begin to 
change. Here the artificial dunes have proven more successful at blocking overwash.  Overwash 
is a natural process on barrier island systems that helps heighten and widen the island.  The 
creation of the artificial sand dunes for erosion protection has actually limited the amount of new 
sand that would normally be deposited in high storm surge events (Riggs et al. 2011). Here the 
dunes have blocked a considerable amount of saltwater overwash that would have previously 
limited vegetation growth. The lack of saltwater overwash has encouraged the growth of thickets 
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and pine-dominated maritime forests.  On the sound-side of the island these thickets include wax 
myrtle, groundsel, yaupon holly, and Spanish bayonet.  The heavily reinforced dunes closer to 
the ocean are now the most vegetatively diverse as anywhere on the island, including more 
American beach grass, sea oats, salt meadow cordgrass, southern bayberry, prickly pear cactus, 
horseweed, dune spurge, and pennywort. The deep roots of the sea oats are most important for 
the catchment and place-holding of sand (Frankenberg 1995). 
Approximately ten miles southwest of the ferry is the third section of varying geomorphic 
and vegetative patterns.  On the ocean side there is a NPS campground with 136 camp sites and 
available RV hookups.  On the sound side, a nature trail managed by the NPS loops one mile 
past a dark marshy freshwater stream, tall pine trees, and dense thickets towards the shores of the 
Pamlico Sound.  There is a small viewing platform where the nature trail meets the Sound.  In 
the spring, tiny migrating yellow myrtle-warblers hop and chirp around the brush. In the 
summer, fiddler crabs march from the sound to the higher grounds of the maritime forest by the 
thousands.  In the fall, flocks of a variety of duck species flutter with the horizon, including 
pintails, buffleheads, and sea ducks.  In the winter, you can walk into the shallow waters to 
gather clusters of oysters.   
All along the sound-side of the island the shallow near-shore waters of the Pamlico 
Sound is teaming with wildlife. The sound is a feeding ground to varieties of migrating birds: 
terns, oystercatchers, plovers, cormorants, and many others.  The tidal marshes are home to a 
variety of crustaceans and turtles. The shallow waters are a great source of clams, scallops, crabs, 
oysters, and a variety of school fish; the most culturally significant being mullet. In the distance, 
elevated huts camouflaged with brush serve as platforms for duck-hunters.  Hunting is permitted 
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in this National Park.  Small sandy roads take you to the sound front where commercial 
fishermen are still allowed to dock their wooden skiffs in the molasses colored swamp creeks. 
At the southwest end of the island is the “pearl of the outer banks”, Ocracoke village 
(Alexander and Lazell 2000). The village is located at the widest part of the island, and is also 
the furthest point from the ocean. The village is approximately three square kilometers, with an 
average elevation of one meter, and houses approximately 1,500 permanent structures. The 
village can be roughly mapped into ten directionality communicated neighborhoods with fuzzy 
boundaries (see figure 1).  I presented multiple iterations of this map to longtime residents to 
makes adjustments to neighborhood boundaries. It is important to layout the different 
neighborhoods of the island here as these regions are referred to later in the text.  
 
Figure 1. Neighborhoods of the village as referred to in daily conversation, or when giving 
directions. 
 
Housing on the island is growing increasingly dense, with lot sizes averaging less than a 
quarter acre.  The older neighborhoods are Down Point and Around Creek, which used to be 
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separated by two creeks.  The two creeks have since been dredged by the Navy during WWII and 
turned into a harbor. The ten foot deep harbor is now called Silver Lake, and the village is 
oriented around this public dock access.  Windmill point, now one of the highest points of the 
village, is the pile of sand dredged from the lake.  North Pond, or sometimes referred to as 
“Down Base”, is the home of some previous Navy buildings.  The Navy established a base and 
stationed hundreds of men on the island during World War Two.  This is also the location of the 
water plant which pumps brackish water from the Castle-Hayne aquifer located 620 feet 
underneath the island. Oyster Creek (in this map also including the Soundside Creek 
development) is located on a human-made canal system with the land built up with dredged sand 
from the creek. Historically, the Oyster Creek area was the location of local fish camps, but with 
the dredged creek and the addition of several bridges in 1980s it became a housing sub-division 
creation of an off-island real-estate group. To the east of Oyster Creek is a second creek, 
Soundside Creek, which was a separate housing development, but in daily directional advice is 
often considered part of Oyster Creek. These types of soundside canals have been known to 
funnel storm surges and houses along their banks and are extremely susceptible to flooding; the 
entire Outer Banks now bands their construction. The area known as Sunset Village was 
previously termed “The Ammunition Dump.”  It is here, in “Sunset Village” where the Navy 
once dumped their used artillery and waste.  Up Trent is another older dwelling space in the 
village with naturally higher ground.  Two hundred to eighty years ago Up Trent was heavily 
populated with grazing goats, cattle, and pigs which have drastically shaped the vegetation – and 
to a lesser degree the entire island.  The NPS officially banned grazing animals in the 1930s.  
Jackson Dunes is another off-island real estate development project, and consists mostly of rental 
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vacation homes. Wahab Village got its namesake from the once predominant Wahab family. The 
Wahab name is believed by some to be the result of an Arabic influence on the early Ocracoke 
bloodlines from a Mid-Eastern shipwreck survivor (most likely a pirate) who washed ashore in 
the late 1600s or early 1700s.   The Irvin Garrish highway is the name given to highway 12 as it 
bends through the village. The development surrounding this entrance to the village is mostly 
commercial, and built partially on the site of the old garbage pit. 
There is one exception to the lack of open space within the village boundaries, Springer’s 
Point.  Springer’s Point is a 122 acre “natural area” preserve managed by the North Carolina 
Coastal Land Trust (NCCLT).  The land acquisition process started in 2002 with an initial 31 
acres and an additional 91 acres was purchased in 2006. The purchase of the land was funded by 
the State Clean Water Management Trust fund and is almost unanimously viewed as a positive 
by the community, regardless of background.  The preserve includes a sandy walking trail that 
meanders through a patch of iconic sprawling live oaks.  It was under these exact live oaks 
(which live for hundreds of years) where the infamous pirate Edward Teach (aka Blackbeard) 
would often come to shore to collect freshwater from an ancient well which was regularly plotted 
on the earliest maps of the region.  It was just off the shores of the point at Teach’s Hole where 
Blackbeard was finally captured and beheaded by Robert Maynard in 1718 (Stick 1990). 
The purpose of this section was to provide a historical description of the social and 
biophysical conditions of Ocracoke. These processes are the foundation for understanding the 
local progression of vulnerability. Assessing vulnerable conditions on Ocracoke includes 
understanding the social conditions of transportation, access, and village organization. It also 
includes an understanding of biophysical conditions like dune geomorphology, vegetation 
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patterns, and wildlife. Within the PAR model (figure 14) issues of ferry access and transportation 
routes are dynamic pressures in the progression of vulnerability; they have the ability to translate 
root causes into unsafe conditions.  The specific root causes and unsafe conditions are introduced 
and discussed throughout this chapter. Also, understanding the geomorphic ramifications of 
dune-building is paramount for assessing the vulnerability of the village to hazards – especially 
when considering the associated hazards of hurricanes, which are detailed in Chapter 6. One of 
the most important influencing factors of changing social and biophysical conditions on 
Ocracoke is the historical land management practices of the National Park Service. 
The National Park Service on Ocracoke  
The history of the CAHA is important to contextualize the ideas expressed towards the 
end of this chapter that link historical conditions with biophysical processes. This history 
involves multiple policies that are crucial for understanding the creation and purpose of the 
CAHA.  The policy moments of relevance include: The Organic Act of 1916, The Park, 
Parkway, and Recreation Area Study Act of 1936, and the congressional authorization in 1937. 
The history is provided to document that the intentions and management plans of the CAHA 
have shifted through time and have unintended consequences.  
The Organic Act of 1916 established the NPS.  The creation of the NPS was marked in 
stark contrast to other federal land management institutions like the United States Forest Service 
(USFS) in that NPS lands were created to preserve places of unique beauty for the people of the 
United States.  The USFS practice utilitarian management strategies that involve arranging 
permits with mining, logging, and other resource extraction activities, while still adhering to the 
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basic principles resource of conservation (Nash 2001).  The most repeated and controversial 
phrasing of the NPS Organic Act reads (Winks 1997, Hudson 1997): 
To conserve the scenery and the natural and historic objects and the wild life therein and 
 to provide for the enjoyment of the same in such manner and by such means as will leave 
 them unimpaired for the enjoyment of future generations.  
The wording of this act is important, because its interpretation has been controversial from its 
conception. Ironically, this phrase was coined in the early utilitarian era of NPS management that 
sought to maximize immediate personal happiness through scenery. In a letter written by the 
Secretary of the Interior Walter Fisher in 1911 he feared that the proposed statement of purpose 
“could be used against the NPS at any time and cause questions to be ‘constantly raised as to the 
character of each undertaken (Sellars 2009, 39).’”  Regardless of what stance the NPS takes on 
any issue this statement of purpose is still criticized.  The term “unimpaired” is a vague notion 
that has been interpreted many different ways in the history of the CAHA.  
The shifting interpretations of unimpaired are evidenced in the specific NPS land 
management policies across varying scales, from the legislation of the federal government to on-
the-ground management practices of the CAHA.  In response to the increasing development of 
the nation’s seashores in the 1930s the federal government and the NPS began investigating 
locations for a coastal park. In 1937 congress had passed legislation allowing for the creation of 
the CAHA, but the seashore as a contiguous administrative region did not yet exist (Binkley 
2007). During this time it was unlawful for the federal government to directly purchase the 
10,000 acres necessary for establishing a national park (L. Smith 2007).  The fundraising for the 
purchase of lands fell on the responsibility of the state of North Carolina.  As a way to encourage 
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the federal government’s selection of the Hatteras region as a national park the state had already 
established the Cape Hatteras Seashore Commission in 1935 to begin purchasing lands to 
transfer to federal control (Binkley 2007).   
The thirties are a confusing time in the developmental history of the CAHA, with 
multiple actors engaging in independent strategies to turn the region into some sort of park or 
preserve. There were ongoing debates regarding what type of park, or seashore, or recreation 
area the Hatteras Seashore should be. In a scouting investigation of the region in 1935 the 
assistant to the director of the NPS wrote a letter to Director Arno Cammerer stating that the 
region was unfit for a park (L. Smith 2007): 
 I believe the area is not suitable for national park status, because: 
1. A national park is not built; it is preserved. 
2. The Cape Hatteras area must be built – the soil, the vegetative cover, the roads 
and accommodations – form almost a Paleozoic (sic) nothingness. Excepting the 
few square miles of the Cape Hatteras Woods, the Cape Hatteras Island is almost 
entirely devegetated and wind-swept away. Storms and the ocean wash across it 
and the other island of “The Banks” periodically. 
The idea that the area was not suitable for a park designation gave way to the idea that a new 
type of federal reserve designation was necessary to accommodate the inclusion of Cape Hatteras 
and places like it (Binkley 2007).  The Park, Parkway, and Recreation Area Study Act of 1936 
was passed to encourage federal agencies to develop federal land for recreational purposes. At 
the same time the NPS began expressing interest at the Outer Banks as a possible area for a 
recreational oriented park that would differ administratively and managerially from the iconic 
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parks of the west. In 1937 the enabling legislation for the creation of the National Seashore and 
Recreation Area was passed by congress. The legislation declared that the seashore shall be 
administered, protected, and developed in accordance with, the Organic Act.  However, the 
legislation also authorized residents of the villages within the seashore to make a livelihood from 
fishing and hunting, which was uncommon in the creation of other parks of the time. 
The CAHA was first envisioned on paper in 1937, and became a physical reality in 1953.  
The CAHA was the first coastal area in the United States to be designated a national seashore, 
and the first recognition that the conservation and preservation of the nation’s beaches is a 
federal responsibility (Binkley 2007).   The various political and public pressures that coalesced 
to create the CAHA also helped form the overall NPS management strategies of the time.  
Influenced by Franklin D. Roosevelt’s New Deal of the thirties the NPS sought to manage spaces 
in a manner that served a multitude of beneficial purposes.   The park promoted multiple, and 
sometimes contradictory, management strategies for the seashore, including:  an increased focus 
on history and recreation, improving access for increased visitation and consequently increases 
in local economic development, management tasks geared at increasing employment 
opportunities, and the preservation of wildlife and wilderness.  The dual-tasks of promoting 
increased visitation and environmental conservation have continually produced conflicts across 
the national parks of the United States (Keiter 2003; Nash 2001; Sellars 2009). This historical 
and political configuration has implications on how the park is managed today and is the root of 
current CAHA issues.  
One of the first major land management activities of the CAHA was an attempt to control 
beach erosion.  The geomorphic nature of barrier islands thrives on constant erosion and 
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reconfiguration.  Erosion on the ocean-side of the islands is transported via longshore currents 
through the nearest inlets and deposited on the sound-side of islands (Pilkey et al. 1998). In 
geologic time, the inlets of the system are constantly opening and closing.  Hurricanes create 
short-term inlets and overwash that also deposits large amount of sand on the sound-side of the 
islands (Riggs et al. 2011; Pilkey et al. 1998). All processes are geared at moving the islands 
closer to the mainland.  This systematic chaos is not sympathetic to roads, bridges, or buildings. 
To improve access for recreational purposes early boosters of a national park on the Hatteras 
shore recognized the importance of “controlling” erosion (Binkley 2007).   
Keeping with FDR’s ideas of creating employment through maintenance of federal lands, 
the Civilian Conservation Corps (CCC) were tasked with keeping the barrier islands in place.  In 
1935 FDR approved the Outer Banks beach erosion and rehabilitation project (Binkley 2007).  
Over a two year period 1,800 transient workers built a sand fence the entire length of the Outer 
Banks; from Corolla to Ocracoke.  Alongside the fences salt tolerant grasses (mostly sea oats) 
were planted in attempt to stabilize erosion through the creation of artificial sand dunes. 
 
Figure 2. CCC Workers Building Sand Fences 
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Figure 3. Aerial shot of the sand fence with workers planting sea oats on the leeward side of the 
dune. Circa early 1930s, pictures courtesy NPS.  
 
These landscape transforming activities were not uncontested. Several actors within the 
NPS questioned the erosion control efforts and viewed them to be in conflict with the original 
goal of preserving the landscape in its “natural state” (Binkley 2007, 53).  This is the first 
example of conflicting interpretations of the NPS CAHA management strategies altering local 
biophysical and social conditions.  
The NPS continues to adjust management strategies in an attempt to preserve the beach in 
an “unimpaired” state while limiting the impact on local islander’s socioeconomic well-being.  A 
nuance of this practice is the paradoxical relationship between preserving the beach in an 
“unimpaired” state while continually engaging in artificial dune-rebuilding practices. Today, the 
most public confrontations between preservation of an “unimpaired” state and economic 
development is the issue regarding off-road vehicle (ORV) access to beaches.  In 2007 the 
Audubon Society and the Defenders of Wildlife under the guidance of the Southern 
Environmental Law Center sued the NPS for improper management of ORV use which they 
linked to the disturbance of critical habitat for threatened species on the CAHA.  The threatened 
species of concern on the CAHA include is the migratory piping plover.    
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The piping plover was first listed under the Endangered Species Act (ESA) in 1986. The 
ESA, signed into law in 1973, “provide[s] a means whereby the ecosystems upon which 
endangered species and threatened species depend may be conserved, to provide a program for 
the conservation of such endangered and threatened species, and to take such steps as may be 
appropriate to achieve the purposes of the treaties and conventions set forth in subsection (a) of 
this section (Section 2[b]).”  One of those treaties is the Migratory Bird act of 1918.  The 
enforcement and regulation of the ESA is the under the power of the Fish and Wildlife Service 
(FWS) and the National Marine Fisheries Service (NMFS).  Policy analysts have identified two 
reoccurring controversial characteristics of the ESA (Czech and Krausman 2001; Stanford 
Environmental Law Society 2001; Baur & Irvin 2002). The first is the impact that listing a 
species has on local economies.  The second is the politics and science behind the species that 
are listed (and not listed).  
The piping plover is a small (about 6 inches tall) migratory bird that nests on the barrier 
islands between mid-April to mid-September.  The plover is listed as threatened in the Atlantic 
Coast region, with only 1,398 breeding pairs as of 1996 (FWS 2012). In 2007, there were six 
breeding pairs of piping plovers on the CAHA.  A majority of Ocracoke residents view the 
plovers as a very weak and sensitive species whose natural breeding grounds are actually much 
further north.  The Northern breeding grounds of the piping plover range from Newfoundland 
Canada to North Carolina.  The fact that North Carolina is the southern boundary of these 
grounds is often used by open-beach-access advocates (like the North Carolina Beach Buggy 
Association and the Outer Banks Preservation Association) as justification for their absence.  
The argument that they “aren’t even supposed to be here” is often used in defense of continuing 
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ORV beach driving.  These beliefs were further corroborated when Hurricane Irene (August 27, 
2011) wiped out the only piping plover nest on Ocracoke before the chicks had a chance to 
fledge.   Estimates from 2012 count 1,898 breeding pairs of piping plovers on the Atlantic Coast 
(an increase of 500 from 1996), of which only 15 nest on the CAHA (See Figure 2 below. Data 
Source: Fish & Wildlife 2011). 
 
Figure 4. Number of piping plover breeding pairs on CAHA since 1992. NPS beach driving 
regulations start in 2006.  
 
Off-road vehicle beach driving is viewed as a unique and traditional aspect of life on 
Ocracoke, as it is one of few places along the eastern shoreline of the United States where beach 
driving is allowed.  Ocracoke is situated approximately thirteen miles from the Gulf Stream 
Ocean current.  The nearness to the warm water current transports large sports fish like dolphin, 
cobia, drum, and others unusually close to the shoreline creating a bountiful surf fishing 
destination.  To gain access to isolated portions of the Ocracoke beach where fishing is most 
successful off-road driving is viewed as a necessity. Residents in support of open beach access 
believe that restricting access to these favored locations dissuades island visitation (Figure 3. 
Island visitation since 1991).  However, reports also indicate that the 2008-9 global economic 
recession has negatively impacted tourism and tourism related employment.  From 2008 to 2009 
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tourism spending in the United States dropped 15% (Ritchie et al. 2010; Smeral 2010). A report 
published by the NPS on the economic contribution of parks to local communities stated that in 
2012 2,302,040 people visited the CAHA, spending a total of $135,055,500; that spending 
contributed to the creation of 1,884 jobs (Cullinane Thomas et al. 2014).  
 
Figure 5. Island visitation since 1991.  Beach driving regulations enacted in 2006. Steep declines 
in visitation are reflective of hurricanes: Hurricane Bertha (1996), Isabel (2003), Alex (2004), 
Ophelia (2005), Earl (2010), Irene (2011). Data from NC Ferry Division.  
 
The claim that increased beach restrictions impact island visitation is usually 
accompanied with a claim of tradition: “We’ve always driven on the beach.”  In 1957 the state of 
North Carolina built the first hardened road from the village to the Hatteras Inlet (approximately 
13 miles).  Prior to the construction of the road (later known as Highway 12) anyone arriving 
from the North end of the island was obligated to drive the thirteen miles to and from the village 
on the beach.  This was also prior to the advent of the everyday sports utility vehicle and the 
smaller cars often got stuck in the soft sand.  It was common practice to travel with ample 
amounts of food, water, and a change of clothes, even if you were making a simple day-trip off 
the island.  Historically, beach driving was a necessity, it was for transport, and it was small 
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scale.  Today, beach driving is used almost exclusively for recreation, and the quantity of 
vehicles on the beach is exponentially larger.  See Figures 3 and 4 below: 
 
Figure 6. Driving on the beach circa 1940s. Photo courtesy of OPS.  
 
Figure 7. Driving on the beach in 2011. Photo by author.  
The 2007 Audubon et al. vs. NPS lawsuit was not the first indication that the CAHA 
needed to address the lack of Off-Road Vehicle (ORV) regulation.  As early as 1972, President 
Nixon issued Executive Order 11644 which required each National Park to develop special 
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regulations to deal with ORV use.  Then again in 1977, President Carter issued Executive Order 
11989 which gave the NPS authority to close areas to ORV use if it could be shown they were 
causing damage to wildlife.  In 1978 the CAHA drafted their first interim plan for ORV use, but 
it was never implemented (CAHA Interim Management Plan Draft 1978), presumably because 
of local political pressure (Smith 2001).  In 1986 the Atlantic Piping Plover was listed as a 
threatened species (USFWS).  In 2001 the United State Fish & Wildlife Service (USFWS) 
designated the Cape Hatteras area as critical piping plover habit (USFWS 2001). In 2003 the 
Cape Hatteras Access Preservation Alliance (CHAPA), in affiliation with the Outer Banks 
Preservation Association (OBPA), along with Dare County and Hyde County filed suit against 
the USFWS challenging the critical habitat designation.   In 2004, in the US District Court, 
CHAPA won a ruling declaring that the USFWS “did not demonstrate that areas proposed at 
Cape Hatteras contained the principle constituent elements required for designation (CHAPA v. 
U.S. Department of the Interior 2004).”  The USFWS appealed the ruling to no avail.  In June of 
2006 the USFWS published a revised designation list of critical piping plover habitat that 
includes all “emergent sandbars in all inlets, inlet spits, Cape Point [in Hatteras], and south beach 
(Federal Register, June 12, 2006).” In response to a series of meetings with the USFWS the NPS 
released the Interim Protected Species Management Strategy in 2006, locally known as the 
Interim Plan (CAHA Interim Management Plan 2006).  The Interim Plan focused on the piping 
plover, but ignored other birds, sea turtles, and US Geological Survey (USGS) recommendations.  
In August 2006 the USFWS issued a “biological opinion” of “no jeopardy” in regards to the NPS 
Interim Plan, which included an assessment of the impacts of ORV use; almost a year later the 
Southeast Regional director of the NPS would approve this assessment (U.S. Department of the 
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Interior, internal document, 2006).  In December 2006 the Defenders of Wildlife (DOW) filed a 
notice of intent to file a suit that challenged the adequacy of the Interim Plan (DOW, public 
document, 2007). Specifically, that only implementing the suggestions of the USGS will 
adequately preserve the seashore, and that the Interim Plan does not adhere to the 1972 
Executive Order that requires National Parks to have a standard ORV use plan.  In February and 
March of 2007 the NPS held meetings to hear public comments on the Interim Plan. In April 
2007, the USFWS published the Economic Analysis of Critical Habitat Designation for the 
wintering piping plover that projected a .08% loss in economic value at the maximum from 
regulations on ORV use (USFWS 2007). 
On October 18, 2007 the Southern Environmental Law Center (SELC), acting on behalf 
of the Defenders of Wildlife and the National Audubon Society filed suit against the NPS 
alleging a violation of Executive Order 11644 that requires an ORV plan prior to allowing ORV 
use (DOW et al. v. NPS 2007).  In December 2007 the NPS continued meeting with the USFWS 
in regards to implementing a new plan, and also continued public meetings in order to collect 
public comments on potential ORV plans. In early 2008 Dare County, Hyde County, and the 
Cape Hatteras Access Preservation Alliance (CHAPA) in association with the Outer Banks 
Preservation Association (OBPA) entered the lawsuit as interveners (DOW et al. v. NPS et al 
2007).  On February 20, 2008 the SELC filed a preliminary injunction requesting that ORV use 
in critical areas as identified by the USGS be restricted.  The interveners responded that the 
current Interim Plan ensures proper ORV restrictions. In April 2008 the preliminary injunction 
request made by the SELC was granted. On April 16, 2008 the Consent Decree was filed with 
the court.  The Consent Decree established timetables for ORV regulation implementation, 
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expanded the areas closed for all beach use, and included more restrictions for nighttime ORV 
use (NPS Consent Decree 2008).  
The implementation of the NPS Consent Decree of 2008 established the temporary 
solution of closing portions of the beach with nesting populations. Certain sections of the beach 
were closed to off-road vehicles and other smaller areas were closed to pedestrians and off-road 
vehicles (approximately 62% of the shoreline was, and is, still open to off-road vehicles year-
round).  Plans were then made to create a final rule by November 2011 that would meet the 
requirements of the Executive Order, satisfy the USFWS, and satisfy the communities living 
near the CAHA.  The arrival of Hurricane Irene (Aug. 27, 2011) pushed this deadline to early 
2012.  The final court ruling made the Consent Decree the law of the land, much to the chagrin 
of open-beach access advocates (Federal Registry January 23, 2012).  In February 2012 the final 
stage of the ORV use plan involved implementation of a fee and permitting system to drive on 
the beach.  
The history of contestation between the NPS and Ocracoke residents precedes recent 
debates regarding driving on the beach. The origins of this relationship can be traced back to the 
land acquisition process of the NPS.  In the CAHA history books a second-party was created in 
the early 1950s to purchase land from island residents at a reasonable rate.  It was believed this 
would be beneficial to island residents who feared the hotel-lined beaches of the north. However, 
in discussions with the most passionate NPS dissenters with multiple generational family ties to 
the island, the second-party land acquisition is described as one of swindling and theft – see 
some of the survey responses listed below. 
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The survey I distributed to the community contained a page for additional comments with 
no topical prompting. Documented below are the anonymous additional comments regarding the 
NPS or beach closures.  Of the two-hundred and four returned surveys, thirty included additional 
unprompted comments regarding the NPS. Of the thirty, five seemed in favor of or indifferent to 
beach driving regulations and the NPS, and twenty-five felt as if NPS regulations had negative 
consequences. See the responses below:  
I hope the state and government know they are killing us. 
 
It’s said that “we are an endangered species” and no one wants to save us! 
We are just trying to survive here and take care of our families. We were told the  beach 
 would be open to us for life. It’s not nice to fib. If one person did this to another in the 
 law system they would go to jail.  
 
The NPS is trying to take over my native land. 
 
I support the permit system – it seems fair and should keep the knuckleheads off  the 
 beach 
 
I am an avid surf fisher – I have never driven on the beach even though I own a 4wd. I do 
 not approve of beach driving on this beautiful island – you can easily walk to all beach 
 areas except for South Point. Tired of picking up beer cans.  
 
The biggest threat to the Ocracoke way of like is the lack of consideration for locals by 
NPS and NCDOT. 
 
The Dept. of Interior would love to see Ocracoke deserted (just like Portsmouth and Core 
Banks).  
 
As a native from Ocracoke this place is shot! The good days are gone. Not being 
negative, just the facts! 
 
Too much NPS fees and regulations, enforcement. Protect human rights over animals.  
 
Off road driving privilege and the new restrictions are an over blown / over hyped 
problem exploited by a small number of politically motivated people, some of whom are 
opposed to any “govmint regulating”; without regulations and “tree-huggers” Ocracoke 
would be over-developed and over polluted.  
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Beach closures and off road driving are a created problem by those who want to foster 
economic fear 
 
I’m concerned with pollution resulting in loss of habitat for native species. 
 
It’s sad – I think that people should be allowed to come and go on the beach and be very 
respectable and careful. But just because some people aren’t the rest, especially the 
locals, shouldn’t be restricted. I’m soon to be 65 years old and I never thought we would 
be restricted from the beach. I think the beach is “God Given” and should be free.  
 
I don’t drive on the beach. I don’t live off tourism.  
 
The tourist business effects the whole island economy. If they have to pay too much to 
get here or to drive on the beach they won’t come here – thus sales will fall off and I lose 
my job.  
 
I’m concerned with an increase in cost for tourists to get to and enjoy our island.  
Tourists are our main source of income; if Ocracoke is over regulated with fees and more 
rules people will not come here. It cost more money and time now. Also, I do care about 
“endangered species”, but – we the people of Ocracoke will become endangered if you 
continue to make life harder by over regulation – Ocracoke has been here for hundreds of 
years plus, enjoyed by all who come. Please don’t take the joy out of our way of life here 
on Ocracoke.  
 
There is a general loss of connection between Park Service and local community, visitors.  
 
The collusion of the NPS autocracy and the environmental left. 
 
Way too many rules and regulations the older we get.  
 
The pressure being put on this island by overzealous conservationist are going to make 
this into a rich man’s island or kill it. 
 
Beach driving permit hurting finances because people are going else where 
 
Do not like NPS, Audubon, and Southern Law. Our rights have been taken.  
 
The attitude of the Interior Department – Park Service, Fish and Wildlife, Marine 
Fisheries, etc. – had greatly effected (sic) the island – imposing regulations that they do 
not understand on the local economy and way of life. As the tourist trade is reduced and 
the fishing regulations cut back the income of the fisherman, the entire island becomes 
poorer, even the residents who look upon tourists as a nuisance.  
 
The NPS disregard for us.  
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State and federal could care less as the park service owns 90% of the island. They don’t 
contribute to the health center or the fire department but want to use their services. Now 
we know how the Indians felt when our grand folks took their land and lied to them as the 
service has lied to us.  
 
Government taking our rights away. It’s sad we must pay to go on our own beach. 
Our greatest concern is the threat of increased development along with the seemingly 
never ending parade of gov. regulations and restrictions which seem to be made by 
bureaucratic ass-holes who have no idea of the true situation of wild life on Ocracoke nor 
any considerations of the people who live here and earn their living based on tourism and 
vacationers. Those bureaucrats gave into interest groups, like on the national Audubon 
Society, and others. Who would really like to see the Outer Banks revert to a prehistoric 
state of 0 human population (except for the F’n bird huggers). The introduction of 
foreign, non-native plants and animals has the potential to come for more damage to 
native wildlife than human usage.  
 
This sense of distrust of the NPS is rooted in the history of the parks physical formation 
in the early 1950s. In 1952 the NPS established a land acquisition office in Manteo, NC to begin 
negotiating the official boundaries of the national seashore (Binkley 2007).  The leader of the 
acquisition office said that he felt “that local opposition [to the national seashore] in eastern 
North Carolina was almost 100 percent against it (Binkley 2007).” Residents feared that their 
hunting and fishing rights would be impinged on, that they would be denied access to the beach, 
that the proposed park boundaries were too restrictive, and that a paved-road through Hatteras 
and Ocracoke Island would change their island way of life. To address these fears the director of 
the NPS, Conrad Wirth, toured the villages of the area on a campaign aimed to communicate 
accurate information regarding the national seashore development (Wirth 1980).  He assured the 
villagers that the national seashore would still allow commercial fishing, recreational fishing, and 
hunting, in continued recognition of existing state fishing and hunting regulations. Wirth claimed 
that a paved-road through Hatteras and Ocracoke was imminent, and without the protection of a 
national seashore the ocean-front properties would be developed by outside investors in a similar 
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fashion as beaches of the north. However, with the protection of the park service all recreational 
tourism could be fostered within the villages themselves. Wirth’s campaign gathered support for 
the Park Service, and in October 31, 1952 he published an open letter to the people of the Outer 
Banks published in the Coastland Times of Manteo, NC (Wirth 1952). In the letter Wirth 
reestablished the boundaries of the national seashore to provide more potential growth for the 
villages, but restated that it was important to have control over all beaches “to protect and control 
the sand dunes, to re-establish them where necessary, and hold them to protect the communities 
from the intrusion of the ocean. The National Park Service intends to resume the sand fixation 
work that it started in the 1930’s and more firmly establish the dunes.”  However, the most often 
quoted statement of the Wirth letter, usually by open-beach access advocates, states: 
 Concerning access to the beach… when I met with you I explained that when the lands 
 for the Recreational Area are acquired and become public property there will always be 
 access to the beach for all people, whether they are local residents  or visitors from the 
 outside.  
The very next sentence in the director’s Letter to the People of the Outer Banks states: 
 However, it will be necessary to establish certain regulations, such as to designate 
 place for vehicles to get on the beach, in order to reduce sand dune erosion to a 
 minimum; to manage ocean fishing where large numbers of bathers are using the beach; 
 and to confine  bathing to certain areas.  
When Ocracoke residents claim the NPS has broken a promise they are referring to the 
first Wirth passage, while ignoring the very next sentence. However, while attending and 
participating in board meetings for over a year I have witnessed the most respected multi-
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generational Ocracoke spokespersons in private meetings reluctantly explain that they are glad 
the NPS regulates the shoreline, otherwise Ocracoke would resemble every other east coast 
beach destination.  In the same breath however, these same people will curse the presence of the 
NPS.  This is an internal conflict of interests that resides within longtime island residents and 
manifests itself as a general feeling of frustration.  The opinion of open-beach advocates is that 
regulating beach driving infringes on the individual freedoms of the people living on Ocracoke. 
However, in a larger context, the National Park system was created to be the preeminent 
democratic lands (Keiter 2003). As such, there is no special political interest given to citizens 
who live near the parks; the lands are managed by what is believed to be in the best interest of 
everyone, even people that will never see them.  
The land management practices of the NPS on the CAHA have altered social and 
biophysical conditions. Therefore, when considering the social and biophysical conditions of 
vulnerability on Ocracoke it is important to understand the history of NPS activities. Through a 
review of this history, paired with primary qualitative data collected from the community, it is 
apparent that the relationship between the NPS and some Ocracokers is strained. The reasons for 
this strained relationship are rooted in the land acquisition history of the CAHA and more recent 
special regulations on ORV use. I have identified NPS land management as a dynamic pressure 
in the local progression of vulnerability.  Before I proceed into the next section I also want to 
categorize the dependence on the mono-economy of tourism as a root cause in the progression of 
vulnerability.  As a reminder, root causes are those economic or social factors distant in either 
time or space in the progression of vulnerability. NPS management practices have the potential, 
whether real or imagined, to translate the root cause of limited economic options into unsafe 
94 
 
conditions. The unsafe conditions are the residents’ inability to participate in the necessary 
activities that sustain their livelihoods. 
Local Knowledge and Cultural Practices   
The inclusion of local knowledge and cultural practices into the PAR model stems from 
the call by Wisner et al. (2004: 54) that “PAR needs thorough research that is locally- and 
historically based.”  The previous sections of this chapter described the particular historical 
conditions of the village, the NPS, and the CAHA. This section builds on that description of the 
temporal sequencing of historical, social, and biophysical conditions with an account of present-
day local conditions.  I discuss these present-day local conditions through an examination of 
local knowledge. The concept of local knowledge is that “all knowledge is located and 
geographically and historically bounded” and “that the local conditions of its manufacture affect 
substantively the nature of the knowledge produced (Barnes 2000: 452).”  The explicit inclusion 
of local knowledge into the PAR model is unique, but I would argue somewhat inherent.  To 
elaborate, local knowledge as produced means “there is an active process of creative construction 
‘onsite’ according to specific rules and conditions (Barnes 2000: 452).” Whereas local 
knowledge is dependent on the context of this production, so is vulnerability. To restate, 
vulnerability as a condition has spatial and temporal dimensions as determined by the context of 
place, as does local knowledge.  In this section local knowledge and cultural practices are 
examined to identify possible influencing factors in the progression of vulnerability on 
Ocracoke. Thematically, this chapter attempts to trace the relationships between the NPS, local 
knowledge, sand dunes, socio-economic well-being, and erosion. 
In this section I rely on data collected from semi-formal interviews and participant 
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observation to document local knowledge of socioenvironmental change as it relates to the NPS 
and NPS land management activities. Semi-formal interviews were conducted with fifty-four 
island residents
3
. Fifteen were tourism related small business owners (retail, service, lodging, 
etc.). Nine of the fifteen business owners believe that NPS regulations are a threat to their 
livelihoods on Ocracoke.  Four of the six business owners who did not see the NPS as a threat to 
their livelihoods are island transplants with twenty years or less of residency. Only two multi-
generational Ocracoker business owners believed that the presence of the NPS did not impact 
their livelihoods.  The following section is organized around these themes as derived from the 
interviews and further contextualized with the use of respondent’s quotes. The questions posed to 
interview participants were open-ended conversation initiators like, “What are your thoughts on 
the recent beach regulations?”, “Do you drive on the beach?”, “What is your relationship with 
the NPS?”, or “Do you think the recent NPS regulations will impact the community?”  
A local store owner, Bob states, “They [the NPS] control who comes, or if anybody 
comes. They control whether or not anybody comes to Ocracoke, and they control the 
demographics of the people who do come!” This local business owner believes that the NPS 
beach closures – specifically a closure on the South Point of the island – are keeping surf 
fisherman and large families from coming to the island. Bob continues: 
 You know when I say the beach I’m talking about South Point. It’s a huge change 
 in who comes, it’s a lot of families that don’t come anymore in the summer, and the 
 reason the families don’t come in the summer anymore that used to come is they used to 
 take their kids to the back of South Point and the back of the north end, they would go to 
 those inlet areas, and it’s the exact same areas that the birds want to go, but the families 
                                                 
3
 All names used are pseudonyms. 
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 like it cause you can take the little kids back there or the old people can go back there and 
 play in the water and you don’t have the big surf.  (Bob, interviewed 11/5/2011) 
Bob is representative of a group of open-beach-access advocates who believe that ORV closures 
on South Point are keeping certain types of tourists – with speculative deeper pockets – from 
visiting.  It just so happens, as Bob points out, that that is exactly where the birds want to go. 
South Point is at the meeting point of the Atlantic Ocean and Pamlico Sound is an ideal feeding 
ground for migratory birds, including terns, piping plovers, and oystercatchers. The flat sandy 
shell-covered beach also serves as a camouflaged nesting ground for the piping plover.  
Aggravating open-beach access-advocates even more is a new (April 2012) NPS 
regulation that requires off-roach vehicles purchase a beach driving permit ($50 per week or 
$120 per year).  Whether this has an impact on the tourism industry has yet to be seen.  One 
longtime NPS employee and multi-generational islander does not think it will, and views beach 
driving regulations as an example of beach space equity. 
 It’s like, if you want a new fishing rod you’re going to have to buy a new fishing  rod in 
 order to go fishing. If you want this permit, if you want to go on the beach, you’re going 
 to buy it. There is areas out there that they can go and drive, and be happy, and I strongly 
 feel that seventy percent of them have no problem in paying because they said, ‘hey, we 
 are willing to pay, we have no problem with the paying, we were just afraid they would 
 close the whole beach and we wouldn’t be able to come.’ And I said that’s not what it’s 
 all about! It’s about making restricted areas so that the pedestrians can have an area they 
 can go, the birds and turtles and the environmentalists can have their share of it, and you 
 will have your equal share.  (Eric, interviewed 6/24/2011) 
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The conflict over the closure of South Point has also fostered some concerns from local officials. 
The local county commissioner, a multi-generational islander, has been vocal in her thoughts on 
the potential threat of beach closures to weaken the local economy:  
I believe in protecting the animals and keeping them around, but there’s also the point of 
over doing that, where to me they become extremists.  It’s not about protecting the 
animals; it’s actually about doing away with us.  Saying, ‘Well, you can’t live there 
because this animal has to live here, so we’re going to push you over here.’  Well, 
everybody should have a right to live where they want to. Isn’t that right? I thought that’s 
what America was about? So there’s some big issues, there’s the road, there’s the beach, 
our whole economy relies on that and we still have the ferry toll issues which still all 
comes back to the economy again. (Kelly, interviewed 11/10/2011) 
The county commissioner represents a reoccurring sentiment in interview responses: that some 
people do not want them (the people) to live there.  This is evidenced in my participant 
observation field notes from local meetings and impromptu conversations with residents.  These 
people that do not want people living on the Outer Banks range from the NPS, the entire federal 
government, the state government, North Carolina highlanders, The Audubon Society, The 
Southern Environmental Law Center, and scientists in general.  
Twenty-three of the 54 interview participants who were against the regulations of beach 
driving were less concerned with processes of environmental change and more concerned with 
social processes (regulations, ordinances, taxes, etc.). Ocracoke has historically been removed 
and aloof from bureaucratic, political, and regulatory processes
4
.   Similar to the recognition of 
                                                 
4
 As evidenced in their historical lateness to be a part of a county and pay taxes, and also in their physical separation 
from the rest of Hyde County.  
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the lack of control exhibited with environmental processes, there is a sense of lack of control 
with these social processes that are often set into motion from off-island decision-makers (Hyde 
County, the state, NPS, etc.). This is exemplified in an interview with a longtime NPS employee 
and respected island native:   
  I think there’s more threats of social than environmental… The environmental is just, I 
 mean, it’s going to happen, it’s all part of nature. Mother nature is going to have her way 
 regardless. …they can fight and scratch and bitch and whatever they want to do about 
 environmental stuff, but that’s just one thing that they should be very thankful for that the 
 National Park Service is here to protect them. Because if the National Park Service 
 wasn’t here we would have another Nags Head, Rodanthe, Salvo, Avon, Frisco, and 
 Hatteras and Buxton. (Eric, interviewed 6/24/2011) 
This resident references the inability to “control” the northern end of the island where overwash 
is frequent, and where the ocean is determined to open a new inlet. The perception and 
ramifications of “mother nature” as an explanatory concept of environmental change is well 
documented in research concerned with the origins of environmental thought, feminist political 
ecology, and environmental history (Rose 1993, Jelinski 2005, Cronon 1996).  In general, this 
research posits that the concept of an unknown “mother nature” has the power to produce 
harmful consequences if the dynamics of biophysical processes are considered as something that 
just happen, and not as an event that would be experienced differently given a different set of 
social configurations.  Another multi-generational resident exemplifies the relationship discussed 
the connection between human infrastructure and “mother nature” when discussing the reliability 
of highway 12. As Bert (interviewed 10/11/11) states, “obviously anything that disrupts the 
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infrastructure that it takes to get here is going to have an impact. You can’t control mother 
nature.” 
 Viewed within the framework of the PAR model a belief of “mother nature” guiding the 
biophysical conditions of Ocracoke, and how those conditions interface with local social 
configurations, has the ability to produce unsafe conditions in event of a coastal hazard (e.g. 
storm surge, rapid erosion, high wind speeds).  The unsafe conditions in this instance could be 
limited concern with mitigation, preparedness, and the adjustment of social configurations to 
increase coping capacity in the face of a hazard. 
As mentioned in the introduction of this section there does exist a group of multi-
generational residents that do not feel as negatively about the NPS regulations. As one multi-
generational inn owner states:  
 We’ve got that kind of freedom and minimal government stuff, were not incorporated, 
 the county government is three hours away so not a lot of rules and regulations, although 
 people would argue the NPS and they’ve got all kinds of rules for the beaches, but even 
 that whole off-road vehicle issue has been strong and controversial but you can still get in 
 your vehicle and get out there and ramble that beach and I look around and I don’t think, 
 I don’t see a major government looking down at me. I mean, there’s a lot more freedom 
 than what we think.  (James, interviewed 11/11/11) 
James represents a dwindling minority on Ocracoke, the multiple generational resident who is 
not concerned with NPS regulations. While attending county commissioner meetings, civic and 
business association meetings, and planning advisory board meetings, I noticed that the 
attendance of these public meetings was dominated by transplants, with the multi-generational 
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islanders representing the minority.  Residents on the island who can trace their family roots 
back to one of the first seven families on Ocracoke are becoming a rarity in local public forums. 
That is not to say that they do not enjoy partaking in community events or the hospitality service, 
but rather recall a time where the tourism industry was a more intimate and personal experience.  
Those people love to come here, they could go anywhere in the world, but there’s people 
like Monroe Gaskill and his ancestors that took care of them, and they were genuine 
people, and they were in it because it was their service, they weren’t working for 
anybody else. And so, when you portray yourself as, ‘I made this’, ‘I provide this 
service’, and ‘I care about it’, that is true all over the world. If I go visit some places, if I 
go stay in Italy, I want to stay with some people that are there. I mean, they represent an 
investment in what they’re doing. So I think we’ve got to consider that and capitalize on 
that. And we’ll be ok through hard economic times, through hurricanes. …and the people 
that are going to cry about it are the people that have to depend on the hordes that come 
over on the ferries.  There is never going to be enough satisfaction there. Double the 
number of people that come here in the summer, quadruple them, and there will always 
be an economic response to that. But it may ruin the experience for everyone else, and 
especially for those people that come here for the so called true Ocracoke experience that 
so many have enjoyed.  (James, interviewed 11/11/11) 
James is referring to a recent development in the business of Ocracoke tourism over the last 
decade that relies on “tourist trapping.”  It is thought that these types of businesses do not need to 
rely on the island charm tourism mantra because they can rely on the overflow of tourists in the 
busy summer months.  James and other residents like him believe that it is these people that are 
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holding the NPS in contempt.  In regards to maintaining livelihoods, the NPS does not directly 
concern these residents. As James explained when he described why he is not concerned with 
how NPS regulations will impact island visitation:    
 There are three levels of visitation, of engaging with the place. First is postcard 
 viewing. Number one, ‘we’ve done it, we wanted to see this site, we take a picture 
 and get back in the car.’ And sometimes that’s all the time we have for it, is a ten minute 
 viewing, a postcard view. Second level, slow enough that you meet somebody, an actual 
 person that lives there, you have a conversation, ‘You live  here? What’s life like? You 
 live with your family?’ And all of a sudden it becomes a place inhabited by people like 
 the place where you live. Third level, takes even more time, it is listening and getting to 
 know… establishing that relationship and really getting into the hearts and minds and 
 experiences of people  and you understand what they value and you understand why they 
 love living here and why they’ve lived here for generations. The heart and soul of the 
 place, and when you come to pay attention and understand that and that becomes an 
 attractive feature, you will keep coming back. A postcard viewing, you’ve already 
 seen it, you won’t necessarily come back to that. You will postcard view and stop  and 
 visit that cart when you’ve been trapped with some kids saying “I want that, I want this” 
 but the real people that are going to make this place during the toughest of times whether 
 it’s a weather event or an economic event are those that have established those 
 relationships, those that have slowed down enough.  (James, interviewed 11/11/11)  
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Figure 8. The postcard view of Ocracoke. Photo courtesy of OPS.  
 
The local knowledge regarding changing social conditions highlighted the strained 
relationship of local residents with the NPS.  During participant observations tasks I found that 
NPS issues seemed to be the most prevalent, but just less than half (23 of 51, not including NPS 
personnel) of interview respondents thought recent NPS regulations would impact their 
livelihoods.  A dynamic pressure derived from the investigation of local knowledge regarding 
social conditions includes the potential – whether real or imagined – impacts of the NPS 
regulations on the socioeconomic well-being of residents.  When we turn our attention to local 
knowledge regarding biophysical conditions – as influenced by land management – the 
discussion becomes concentrated on the sand dunes.  The sand dunes are an interesting point of 
discussion in considering how Ocracokers local knowledge of socioenvironmental change is 
shaped and also how the shaping of the dunes physically affects the geography of vulnerability 
on Ocracoke.   
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When asked what he viewed as one of the biggest environmental changes on Ocracoke, 
Archie – a lifetime resident of Ocracoke, business owner, and amateur botanist – responded with 
the following:  
 One of the things I remember, a big change, when I was little boy my grandfather  carried 
 me out towards the beach. Maurice had this slushy stand out there, and it was about 
 where the variety stores at now. The tree line or grass line stopped  about where Captain 
 Ben’s was. And it was nothing but sand flats all the way to  the ocean. Not a single blade 
 of grass. I mean it was simply sand flats all the way  to the ocean, not a blade of grass or 
 nothing. I remember when the National Park Service started planting grass and they had 
 this little yellow contraption. I wanted somebody to show me that yellow contraption the 
 worst! Me being a plant person, I wanted to understand it and all that. Nobody ever did! 
 But I remember that little corn coming out when they started planting it was spaced every 
 so many inches apart they would plant them in rows like corn coming out like that.  
 (Archie, interviewed 9/20/11) 
The story that Archie is recalling was repeated in varying forms in multiple interviews, but the 
gist is that the vegetation and appearance of the southeast portion of the village has changed from 
a flat bald beach into a densely vegetated marsh.  Here is the story as told by Edward, one of the 
oldest living Ocracokers and a local expert on Ocracoke genealogy: 
We got invaded by the National Park Service in 1953, we handed it over to them, and 
now they tell us how they are saving us. We had all these bald beaches, and now 
everything that is here they planted. That’s not natural stuff. It was all bald beach. It was 
just like this floor, it was hard. We are greener now than we have been in my life. We 
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have more trees and everything has grown. Our beach used to be a mile across; a bald 
beach. From Blackbeard’s Lodge from the Highway 12 it was all bald beach! It was bald 
beach because our people weren’t smart enough. They all loved land, and they were 
English and they loved sheep. They raised sheep, and the sheep ate all the roots and 
everything. And that’s why explorers came here and they said, ‘It’s just people sitting on 
the blowing sand waiting to be blown away. (Edward, interviewed 8/6/11) 
Nine interview respondents cited the increased vegetation that resulted from planting grass to 
foster the accumulation of sand dunes as the main reason for the decreasing populations of the 
piping plover. Archie elaborates:  
 I hear all this about the piping plover and all this kind of stuff. The reason the piping 
 plover  is having such a hard time is because what the federal government  did in the 
 park. Piping plover do not hatch in grass. They hatch in sand and shells. They planted 
 grass everywhere, and so the piping plover have to hunt for someplace where there ain’t 
 no grass. Simple as that. Those little tiny birds, they’re tiny little things, and they have to 
 watch to make sure you’re not coming to eat them! They hatch in the sand so the sun can 
 help hatch their eggs. (Archie, interviewed 9/20/11) 
I then asked Archie what he thought about the closures on the beach, to which he responded: 
 Well, I certainly think they need to stop and think. I know that we don’t need to lose 
 anything, but what about our way of life? Which is more important, that piping plover 
 or the economy of the whole Outer Banks? (Archie, interviewed 9/20/11) 
Piecing together a selection of these interview responses tells a story that is different from 
off-road vehicles threatening piping plover populations. This viewpoint, which is shared by 
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Edward and Archie, is that piping plover populations are declining because of the past dune 
building initiatives of the NPS, and that beach closures negatively impact the economy.   
A second interpretation is sometimes deployed, also claiming a negative relationship 
between introduced vegetation and the plover.  On a nighttime ride-along with the local 
mosquito control
5
, Mike – the sole employee of the mosquito control board and multi-
generational resident – described a different story of the relationship between dunes, the bird, 
and the NPS. As we drive past where Captain Ben’s used to be he begins without being 
questioned: 
 This was all just a little bit of marsh and white beach sand all the way to the 
 campground, none of this was here; just a mud flat, and when the tide come up, it  washed 
 over.  Now it’s all growed up with vegetation and they call it marsh. I don’t call it marsh, 
 I call it nasty swamp and it’s all just growed up. (Mike, interviewed 6/2/12) 
I then asked Mike how that came to be; how do you explain this large amount of vegetation? He 
responded: 
It’s all from the birds buddy. From the birds on these power lines, they eat these cedar 
berries and they crap off them wires. Every one of these trees is made by most likely a 
robin or a starling, every tree on this island. None of this was here 30 years ago when I 
was kid. We got pictures of me out here on that porch standing there when I was six or 
seven, I’m forty-six years old now, and I was taller than that marsh. You could look from 
there the whole way to the campground and all you see was white dunes. That was it. 
                                                 
5
 The Navy started the village-wide spraying of mosquitos in 1954 with DDT, but now under the direction of the 
Mosquito Control Board of Hyde County the village is sprayed with permethrin kontrol 44.  
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Now it’s just all vegetation. It’s just amazing what’s here now that was not here fifteen 
years ago.  
…it just used to be little pieces of marsh here or there for the birds. Now the birds can’t 
get in. It’s a shame because you want all these people to protect the birds on the beach 
but that ain’t where the birds nested at, they nested in these areas and now it’s so growed 
up in here there’s no place for the birds to get. It’s good for nothing. (Mike, interviewed 
6/2/12) 
It is important to consider these aspects of changing vegetation and geomorphology 
because these biophysical conditions influence the islands exposure to hazards.  People have 
different understandings of the factors shaping exposure to hazards.  With this in mind, how does 
this relatively new dense vegetation affect the flood and wind surges of hurricanes?  In informal 
discussions with residents following Hurricane Irene (which will be discussed in more detail in 
Chapter 6), the dunes and the geographic position of the village were cited as the reasons to why 
Ocracoke did not experience a disastrous storm surge. However, again, Mike presents an 
alternative interpretation: 
It’s a good wind block but, the dunes are there to protect us from storms from the ocean 
coming this way, but when the wind comes from the northwest blowing 100 mph and hits 
those dunes it’s just like being in a bathtub. It just keeps filling up. I was talking to [the 
water manager] the other day. He said a lot of that sand flat has turned back into marsh 
again because we haven’t had a storm. In 1985 all these flats got filled up by Hurricane 
Gloria; worst hurricane I’ve been through.  It started blowing the windows out; we got 
scared. And it filled this marsh in with silt and after that is when we got all this 
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vegetation. One of these days there will be a storm come through and it will wash 
everything down and kill it all again, and if it washed those dunes down and sucks 
through it will turn it to white sand again and get rid of all that silt. (Mike, interviewed 
6/2/12) 
To summarize these multiple accounts of socioenvironmental change, there is an increase 
of marsh vegetation on the southeastern boundary of the park and the village. This increase in 
vegetation is believed to be from the removal of livestock from the island, the building of sand 
dunes by the NPS, and/or the presence of power lines along the borders of the park which allow 
for seed transport via birds. Either way, it is the increase in vegetation that is believed, on the 
part of some locals, to be a primary factor in the decrease of piping plovers. However, the build-
up of dunes and vegetation protects the village from hurricane flood surges.  Conversely, the 
dunes can serve as a barricade to flood surges from powerful storms coming from the northwest 
over the Pamlico Sound. A large enough hurricane could revert the landscape back to the mud 
flats and white sands of these interviewee’s memories.  
As mentioned earlier, local knowledge is actively produced through time.  It is a process 
rooted in specific historical and situated conditions.  To understand the historical production of 
local knowledge as it relates to changing biophysical conditions, specifically in regards to 
vegetation and geomorphology, I reviewed interview transcripts from a NPS oral history project 
conducted in 1974. In these interviews local commercial fishermen regularly mention the 
disappearance of eelgrass.  Eelgrass (Zostera), a type of seagrass, plays a vital role in estuary 
ecosystems. It is an important feeding source for migratory birds, a nursery ground for fish and 
shellfish, and the dense grass encourages sediment deposition (Den Hartog 1970).  The interview 
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transcripts below were conducted by Michael V. Wurm for the CAHA in the summer of 1974. 
The selected quotes are from the lifelong fishermen, and the now deceased, Sullivan Garrish and 
Tony Thurston Gaskill Sr.  
 The disappearance of the eelgrass, which was the natural food of the goose, brant, and 
 duck along the Eastern seaboard, and when that disappeared from this area. And we think 
 that was the beginning of them taking to the corn fields inland, the disappearance of the 
 natural food along the coast. Eelgrass is coming back a little bit, but not like I would like 
 to see it. Of course, that had a great deal to do with our fishing, also, because that eelgrass 
 harbored a malignancy. And all the shoals and plants, so to speak, would be just covered 
 with the eelgrass and sometime growing two to three feet long. (Tony Thurston Gaskill, 
 interviewed by Michael Wurm 1974)  
In a separate interview Wurm asks Sullivan Garrish when the eelgrass began to disappear.  
 It started in the thirties. Believe it was either ‘32 or ‘33. It died in the winter of a 
 smoky… a lot fires all over the mainland and it was smoky. Like fog.  And that when it 
 dies. It was a real warm winter and didn’t have hardly any up above, I mean below, 
 hardly below fifty. I remember it very well… it just died. And of course there was a lot of 
 game then. There were millions of geese and a lot of them died. All this marsh down 
 here… you could go down to the marsh and see hundreds of them all dead in the marsh 
 all starved to death because it wasn’t  nothing for them to eat. Now what killed it is a 
 mystery. Nobody never has known yet what for sure what did to it. Some claim the water 
 was too salty. Some claim it was too fresh. This and that… but nobody knows for sure 
 what did kill it. It died. I think there was a little bit of it that maybe will come back. I see 
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 a lot of it come drifting up now on the shoreline. Some of it comes from the ocean. It’s 
 growing out there but some is growing on the inside of the sound. (Sullivan Garrish, 
 interviewed by Michael Wurm 1974) 
 The eelgrass die-off was not isolated to the Pamlico Sound, but was a global epidemic 
called “eelgrass wasting disease” that nearly eliminated the species entirely from the Atlantic 
Coast of the United States and Europe (Short et al. 1987; Muehlstein et al. 1988).  It was over 
fifty years before scientists provided conclusive evidence that the reason for the epidemic was a 
pathogenic strain of Labyrinthula, a type of “marine slime mold” (Short et al. 1987; Muehlstein 
et al. 1988). The disappearance of eelgrass in the early 1930s significantly altered the physical 
and chemical characteristics of coastal habitats from the North Atlantic U.S. to Western Europe 
(Rasmussen 1973).  The dense eelgrass beds moderated water movement caused by wind and sea 
currents, thus retarding coastal erosion rates (Ramussen 1973). Eelgrass often grows in a pattern 
paralleling the shoreline and thus absorbs the power of erosive forces. The removal of the 
vegetation from muddy sand-bars increased the exposure to water action, resulting in coarser 
bottom layers of sediment, and increased erosion on the shore (Ramussen 1973).  
 The inclusion of eelgrass into this discussion is to further consider the relationship 
between local knowledge and environmental change, with specific attention to changing rates of 
erosion.  Experiments monitoring the relationship between eelgrass and sedimentation have 
revealed that patches of eelgrass can accrete 5-7 mm of sediment during their growing season 
(Bos et al. 2007), and that the removal of eelgrass patches can lead to up to 25 mm of sediment 
to be eroded (Harlin et al. 1982). Since the mid-1800s the average rate of change for the North 
Carolina Atlantic Coast was an erosion rate of -0.7 ± 1.3 m/yr (USGS, Morton and Miller 2005). 
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A historical assessment of shoreline change for the state of North Carolina found that during the 
last 160 years the most erosion has occurred on the portions of Ocracoke and Hatteras nearest to 
the Hatteras Inlet, experiencing average rates of -1.4 m/yr (Morton and Miller 2005) (See the 
maps below). The 1930s have emerged as a critical moment of change in the history of erosion 
on Ocracoke. Sullivan Garrish’s6 account of eelgrass disappearance in 1932-33 is amazingly 
accurate.  Multiple sources site the global die-off of eelgrass occurring from 1931-33 (Butcher 
1934; Cottam 1945; Cottam & Munro 1954; Rasmussen 1970).  The early 1930s is also the time 
period of dune-building along the Outer Banks.  The map series presented below displays the 
degree to which the shoreline has changed on Ocracoke. 
 
Figure 9. Historic shoreline key 
                                                 
6
 One of the chapters in Alton Ballance’s book Ocracokers (1989) follows Sullivan and his brother Uriah on a 
routine day of fishing in the early 1980s. The chapter is insightful into the procedures of using nets to catch mullet 
fish, but more fascinating is Sullivan and Uriah’s ability to read the Pamlico Sound.   
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Figure 10. Map 1 from historic shoreline key 
 
 
Figure 11. Map 2 from historic shoreline key.  
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Figure 12. Map 3 from historic shoreline key.  
 
 
Figure 13. Map 4 from historic shoreline key.  
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Due to varying regimes of erosion and deposition the shoreline of Ocracoke has changed 
substantially over the last 160 years. The map series presented above displays the increased 
erosion rates at the inlets relative to other sections of the island (data from the USGS National 
Assessment of Shoreline Change Project). The historic shoreline maps also display a general 
northeast to southwest migration of the island, with a drastic change in shoreline location 
occurring between the mid-1800s and mid-1900s.  If we consider the time period of the early 
1930s as a dramatic shift in geomorphic regimes we would expect to observe change in the 
shoreline between the 1925-1946 era (yellow) and the 1970-1988 era (green). Although not as 
large as the change from the roughly one-hundred year difference between 1849 (red) and 1946 
(yellow), the shoreline change that occurred in the roughly forty years following the 1930s is 
observable (the difference between the yellow and green line features). The changing shoreline 
between the 1925-1946 era (yellow) and the 1970-1988 era (green) is most observable at the 
inlets, but also on the northeast half of the island (maps 3 and 4). The dune building of the 1930s 
is responsible for the variance in shoreline change that widens as you follow the 1925-1946 and 
1970-1988 shorelines northeast. Evidence for this phenomenon can be illustrated through a 
comparison of dune crest elevation and current rates of erosion. Where the artificial dunes are 
higher, ocean-side shoreline change should be less. This is because during moments of overwash 
sand is eroded from the ocean-side of the barrier island and deposited on sound-side, thus leading 
to island migration (Riggs et al. 2011; Pilkey et al. 1998).  
The sand dune building initiatives of the NPS has increased the average height of the 
dunes.  This is evidenced in a comparison of dune crest height to southwest neighboring island of 
Portsmouth. Portsmouth is a barrier island one and half miles from Ocracoke, has been 
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abandoned since the 1970s, is part of the Cape Lookout National Seashore (CALO), and has no 
history of dune building. On Portsmouth, a barrier island with similar geomorphic processes as 
Ocracoke, the average dune crest elevation is 1.4 meters less.  Ocracoke’s average dune crest 
elevation is 4.3 meters, whereas Portsmouth is 2.9 meters (see figure 12).  Current erosion rates 
are continuing the pattern evidenced in the historic shoreline maps since the 1930s. The higher 
elevation mid-section of the island east of the village is accreting sediment at the rate of about 
0.3 to 2.1 meters feet per year, and the northeast section of the island is eroding at the rate of 
about 1.8 to 5.2 meters per year (Data from NC Division of Coastal Management) (see figure 
13).  
 
Figure 14. Elevation of dune crest: Portsmouth and Ocracoke (data from USGS).  
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Figure 15. Annual erosion and accretion rates (data from NC Division of Coastal Management 
2012).  
 
In this section I have provided evidence of the changing social and biophysical conditions 
associated with NPS land management practices.  The local knowledge regarding NPS land 
management practices and environmental change reveals a complicated relationship amongst a 
drastically altered beach environment, decreases in species habitat, changing human uses, and a 
fragile resource dependent tourism economy. At the root of this issue are concerns over 
decreases in tourism, which would negatively affect local livelihoods. The next section 
categorizes the root causes, dynamic pressures, and unsafe conditions as outlined in this chapter 
and inputs them into the PAR model.  
The PAR Model Inputs    
Through the triangulation of multiple data sources I identified important factors that are 
categorized as inputs in the PAR model. From extensive participant observation I was able to 
provide a detailed description of the social landscape. Through the review of scientific texts I 
was able to provide an account of the changing geomorphology of the island. Biophysical data 
116 
 
represented in GIS provided further evidence regarding the dynamics of the barrier island. A 
review of historical documents provided examples of the evolving relationship between the 
people, landscape, and the NPS. Interview data further validated these claims. Unprompted 
survey responses also provided evidence of this theme.  The triangulation of these data points 
provides the basis for the following conclusions.   
This chapter has provided a synthesis of the biophysical and social conditions implicated 
in NPS land management activities. The primary actors, objects, and processes of this synthesis 
include: the NPS, sand dunes, erosion, socio-economic well-being, piping plover habitat, and 
local knowledge. This synthesis also works to answer the research questions posed at the 
beginning of this chapter: How and to what degree does NPS land management on Ocracoke 
influence environmental conditions and change? How does local knowledge of 
socioenvironmental change influence the progression of vulnerability? What are the implications 
of changing NPS land management techniques for shifting environmental risk regimes and 
socioeconomic well-being of residents? 
The strained relationship between the NPS and some community members is rooted in 
the lack of communication between the NPS and Outer Banks residents during the land 
acquisition processes of the early 1950s.  The lack of communication involved confusion about 
what the national seashore would be, for what purpose, and the general uncertainty of how it 
would impact local residents. Recently, the relationship has been further strained by NPS 
regulations on ORV use within the CAHA. A majority of local residents believe NPS regulations 
on beach access will decrease the number of tourists that visit the island and subsequently 
negatively impact the socioeconomic well-being of those residents dependent on tourism. The 
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regulations enacted by the NPS were mandated by federal court order to uphold the requirements 
of a 1970s Executive Order that required parks to draft their own rules on ORV use. Prior to the 
litigation process of the mid-2000s CAHA never implemented such a plan. When the NPS was 
sued by environmental groups represented by the Southern Environmental Law Center, it was for 
the negligence of mandated management requirements.  Compounding the problem is that 
unregulated ORV use has been linked to decreases in the population of the threatened piping 
plover (Melvin et al. 1994; Patterson et al. 1991).   To clarify, the NPS was sued for improper 
ORV management in negligence of a thirty-year-old federal mandate: the protection of piping 
plovers is a mandate of the new management plan upholding the critical habitat designations of 
the FWS.  
Reductions in piping plover habitat has been linked to land management activities long 
before issues of ORV use (Melvin et al. 1991). The building of sand dunes in the 1930s 
drastically reduced the area of plover habitat on the CAHA (Interview
7
 with CAHA 
Superintendent 8/2/2011).  The sand dunes also retard the shoreline migration on the ocean-side, 
while increasing erosion on the sound-side of the barrier island. At the same time as sand dune 
                                                 
7
 “Hatteras inlet on the north side, north of Ocracoke, and South Point of Ocracoke, that’s the 
only area where we have these big broad overwash fans which is piping plover nesting and 
foraging habitat; where are also the best fishing areas. So if you had to pinpoint the heart of the 
problem it is the limited areas of functional piping plover habitat in these few locations. We do 
get other birds that will nest on the beaches in these long narrower sections, and our biologist can 
tell you it’s generally areas where there is a little gap in the dune, or a little bit of a wider spot 
because those birds won’t nest where the dunes wash, where the ocean washes to the dune, 
because the nest will get wiped out, so we do have pockets of viable nesting habitat for terns and 
oystercatchers, but piping plover have different habitat requirements and so South Point, north 
on Ocracoke, Hatteras Inlet Spit, on the Hatteras side of the island, Cape Point and South Beach. 
So to me, the man-made dune is something we can’t fix easily. You can’t turn back the clock and 
not develop the island and not do all this that and the other. But it contributes to the dilemma we 
are in.” – Mike Murray, CAHA Superintendent  
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construction was taking place, a reduction of eelgrass presumably reduced the ability for 
sediment deposition on the sound-side.  In terms of this research, the quantitative geomorphic 
impact of eelgrass disappearance is less important than the evidence it provides regarding the 
historical production of local knowledge. Eelgrass was not mentioned in any interviews or 
surveys. The absolute lack of local knowledge regarding fluctuations in eelgrass patches is 
evidence that it is not an often considered characteristic of the changing biophysical landscape by 
locals today. However, as gathered from the 1974 NPS interviews the disappearance of eelgrass 
in the 1930s was a major concern for residents then because of the resulting decline of migratory 
fowl and fish populations, which subsequently impacted the local hunting and fishing economies.  
Over time biophysical conditions change, tourism demographics change, and economies change.  
The fact that local knowledge today does not recognize past strains on the tourism industry, like 
eelgrass disappearance, is insight into the dynamic relationship between changing biophysical 
conditions and economies.  
The eelgrass disappearance was worrisome to residents because of its potential impact on 
the local economy. Today, NPS regulations are worrisome to some residents because of their 
potential impact on the local economy. The inclusion of these dynamic social concerns into the 
PAR model allows for the making of locally informed recommendations that can relieve the 
pressures associated with hazards.  The table below categorizes how NPS land management 
influenced conditions can be contextualized within the PAR model.  The specific hazards of 
hurricanes that could produce disastrous consequences are discussed and integrated into the 
model in chapter six.   
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The ‘Pressure and Release’ (PAR) model is used to demonstrate the intersection of 
processes generating vulnerability and the hazards (Wisner et al. 2004).  Each of the three case 
study chapters (Four, Five, and Six) conclude with an inclusion of findings into the PAR model 
as revealed through the geographic-historical inquiry of the community vulnerability in regards 
to land management, water management, and living with hurricanes, respectively.  The three 
inputs into the PAR model designed to schematically map the progression of vulnerability 
include root causes, dynamic pressures, and unsafe conditions.  A generalization of this 
progression dictates that dynamic pressures can turn root causes into unsafe conditions which 
then determine the degree of vulnerability.  Root causes are usually distant in both time and 
space, and can involve heavily-veiled social ideologies and economic structures. Dynamic 
pressures are more local and temporally-near activities that can translate these root causes into 
unsafe conditions. Unsafe conditions consist of the specific form, either physical or social, that 
vulnerability would be expressed in combination with a hazard.  The hazard that poses the most 
risk for the island of Ocracoke is hurricanes. The hazards of a hurricane include the combination 
of high wind speeds, storm surges, and rapid erosion. These hazards are further detailed and 
entered into the PAR model in Chapter Six when possible disastrous outcomes are discussed. 
 
Figure 16. PAR Model: land management inputs. Inputs are continually added to the PAR model 
throughout chapters 5 and 6.  
 
PAR Model - Ocracoke Case Study 
Root Causes Dynamic Pressures Unsafe Conditions Disaster Hazards
Dependence on critical 
lifelines: roadways and ferries 
Limited socioeconomic 
options
Transportaion 
routes severed
NPS Land Management Increased rate of erosion Economic hardship
Local Knowledge: "mother 
nature happens"
Limited land area
The Progression of Vulnerabiltiy 
Mono-Economy 
dependent on 
tourism Hurricane: high wind 
speeds, coastal erosion, 
and storm surge 
flooding
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Root causes, as an explanatory link in the procession of vulnerability, are an interrelated 
set of economic or societal practices and ideologies that are distant in either time or space 
(Wisner et al. 2004).  The distorted dependence on the tourism industry has fostered a fragile 
economic landscape. The lack of diversity in income generating activities on the island has 
created a mono-economy that is dependent on “natural” features (beaches, waters, fish, etc.).  
Tourism has been a part of Ocracoke since the early 1900s, but the type of tourism has 
drastically changed. Tourist demographics have shifted from dozens of wealthy New Yorkers 
paying for duck hunting guides, to thousands of modern day beach-going vacationers from 
French-Canada, the Northeast, and Mid-Atlantic States.  The tourism industry of early Ocracoke 
was a small additional benefit to the subsistence based practices of fishing, shellfish gathering, 
hunting, and livestock grazing. Today, livelihoods on Ocracoke are fragilely hinged to the mono-
economy. This type of economic situation is highly sensitive to anything that might disrupt or 
impede the ability of tourists to spend money on Ocracoke. There are also distant political 
economic forces that are a root cause in the progression of vulnerability.  Within the mono-
economy dependent root cause category is an implicit inclusion of the consequence of the 2008-9 
global economic recession.  It is important to recognize the impacts of the recession, but 
analyzing the specific consequences of the recession on Ocracoke is outside the scope of this 
project. However, the global economic recession that began in 2008 has had detrimental impacts 
on the United States tourism industry. These impacts can be measure by high unemployment 
rates in the tourism sector and an overall decline in tourist spending (Ritchie et al. 2010). 
Ocracoke, as a political outlier of a poor North Carolina county has little power or agency to 
address these political economy factors.  Such as, at the start of 2009 real travel demand within 
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the United States had fallen 6% and over 250,000 jobs in the United States tourism sector were 
lost (Ritchie et al. 2010). 
Dynamic pressures are processes that “translate the effects of root causes both temporally 
and spatially into unsafe conditions (Wisner et al. 2004, p. 53).”  In regards to how land 
management and local knowledge on Ocracoke influences vulnerability I have identified three 
major pressures that translate the effects of the mono-economy into unsafe conditions.  First, the 
critical lifelines of highway 12 and the Hatteras-Ocracoke ferry translate into unsafe conditions 
when they are unable to be accessed.  These unsafe conditions include the inability to evacuate 
and to the detrimental impact to socioeconomic well-being.  The belief that “mother nature 
happens” ignores the ability for human modifications to landscapes to increase or decrease the 
severity of a hazardous condition (i.e. sand dune building).  The strained relationship between 
the residents that advocate for unregulated beach driving on Ocracoke and the NPS continues to 
influence local knowledge regarding socioenvironmental change.  This strained relationship has 
influenced how into how residents understand and trust information communicated from other 
government organization (i.e. hurricane evacuation, erosion rates, sea level rise, etc.).  When 
interfaced with coastal hazards like high wind speeds, erosion, and storm surges, the inputs in the 
progression of vulnerability have the potential to lead to disastrous outcomes. The disastrous 
outcomes identified here include severed transportation routes and economic hardship.  The 
following chapter identifies inputs into the PAR model as related to water management, and 
Chapter 6 continues to develop the PAR model with more attention on the potential disastrous 
conditions that could arise in the event of a hurricane.  
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CHAPTER 5 
WATER MANAGEMENT AND SOCIOENVIRONMENTAL CHANGE 
The manner in which water is used and managed on Ocracoke has transformed local 
social and biophysical processes. The implications of these transformations include altered 
hydrologic systems, increased population and housing density, potential septic-related hazards, 
and changes in storm surge absorption dynamics.  Water management practices have been shown 
to influence vulnerability (White et al. 1974; Burton et al. 1978). This chapter builds on that 
research by documenting how water management practices can shape the vulnerability of a 
place.  This chapter is an examination into local knowledge as a means to identify root causes, 
dynamic pressures, and unsafe conditions in the progression of vulnerability as it relates to 
changes in water management.  The chapter begins by documenting the history of social and 
biophysical conditions of Ocracoke as they relate to freshwater.  Then, the local knowledge and 
cultural practices associated with water procurement are explored, with specific attention given 
to issues of economic development, land use planning, livelihoods, and septic issues. I conclude 
by offering a synthesis of the various dimensions of water management on Ocracoke as they 
relate to the parameters of the vulnerability assessment developed here. Within this synthesis I 
address three of the research questions presented in the introductory chapter. How and to what 
degree does water management on Ocracoke influence socioenvironmental conditions and 
change? How does local knowledge of socioenvironmental change influence the progression of 
vulnerability?  Lastly, what are the implications of water infrastructure adjustments for shifting 
environmental risk regimes and socioeconomic well-being? Addressing these questions will  
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assist in identifying the inputs of the progression of vulnerability within the PAR model as 
related to changes in water management. 
Triangulation of Water Data  
The data used to make generalizations about socioenvironmental change as related to 
freshwater management were collected from semi-formal interviews, participant observation, 
and a survey. This section triangulates the data as a means to validate generalizations detailed 
later in this chapter.  Information gathered regarding freshwater was relatively sparse when 
compared with the other two main topics of this dissertation: NPS land management and 
hurricanes. Because of this relative lack of data it is important to be explicit about how 
generalizations are made from the three primary data collection techniques. 
Interviews. 
In semi-formal interviews I asked residents to tell me about the most significant social or 
environmental change they have witnessed on Ocracoke. If freshwater procurement was not 
mentioned in their response I would later ask them to tell me about the history of their 
relationship with freshwater procurement on Ocracoke. If the new addition to the water plant was 
not mentioned in their response I often asked if they were aware of the extra water supply and 
how they thought it might affect the island. Of the 54 interviews conducted, I am not counting 
interviews that were theme driven (n=5). For example, I conducted multiple interviews with 
CAHA NPS personnel that were headquartered off-island; I do not count these when considering 
the occurrence of water related responses.  I have also categorized septic issues into the category 
of water responses as the two are inseparable.  
124 
 
In response to the question regarding social or environmental change, 12 of 48 
respondents referenced freshwater or septic issues; I term these unprompted water respondents.  
Of these 12, six respondents discussed freshwater in terms of their memories regarding the hassle 
of obtaining cool and clean freshwater. This included discussing old cisterns and other individual 
household infrastructure (gutters, pumps, outhouses, etc.) that are no longer prevalent in the 
village. Five of the 12 unprompted water respondents mentioned current or future issues with 
septic as one of the most important social or environmental changes.  Respondents discussing 
septic problems referenced the strain on the system due to the increased density of housing 
development and the contamination of the near-surface freshwater lens. Two respondents 
mentioned moments of water scarcity prior to the water plant, and how they coped with this 
scarcity.  For example:  
 There was a lot of times our water got down very scarce. Somehow, or another, the good 
 lord provided for us and it always rained when we would get low. There were times 
 especially in the summer it would get real low. So, it was real scarce with drinking water. 
 Sometimes we had to borrow from neighbors.  (Eric, interviewed 6/24/2011) 
 There’s times when we didn’t have a lot of rain. Those cisterns got low, so you just had 
 to ration yourself. There’s well points that a lot of the local people would find the best 
 spot in the yard to put them down and the water would come out of there just as clear as 
 anything. It was amazing. Everybody always survived it. If one didn’t have it, the other 
 one did, they go and fill their buckets up or whatever, and take home with them to help 
 them get through.  (Tim, interviewed 12/13/2011) 
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Two unprompted water respondents also mentioned the changing cost to hook up to the water 
plant. In 1982 a couple explained how connecting to the water plant cost them around $500 
whereas today the cost is $5,000 (interview with Kevin and Delores 7/25/2011).   
If respondents did not mention freshwater in the discussion of social and environmental 
change I would then ask them to share how their relationship with freshwater access had changed 
throughout their tenure on the island. Due to the flow of conversation during the semi-formal 
interviews I was only able to ask 25 of the original 48 respondents to describe their relationship 
with freshwater access.  Eight respondents discussed memories of changing from their cistern to 
the water supply network. Eight respondents (not exclusive of the first eight) also raised 
concerns over strain on the septic drainage fields. In comparison to other topics these responses 
were very brief, and 11 respondents had no comment on the topic. Of the original 48 interviews, 
10 respondents discussed the installation of the reverse osmosis unit, including those who were 
asked specifically to comment on the new addition. Quotes from these respondents are presented 
throughout this chapter.  
Participant Observation. 
Participant observation tasks specifically geared at collecting water data included on-the-
job shadowing at the water plant, attending Ocracoke Sanitary District (OSD) board meetings, 
and attending a meeting to discuss expansion of the underground pipe network to unconnected 
portions of the village. My time spent at the water plant mostly involved shadowing the water 
manager, asking him questions, and taking notes. I also interacted regularly with one other water 
plant employee and the secretary, who supplied me with the water-use data found in this chapter.  
My time spent with the water manager informs my understanding of the physical processes of 
126 
 
reverse osmosis. Roughly half our conversations were in regards to daily routine procedures with 
the equipment, and the other half of the time we discussed the history and social implications of 
changes in water infrastructure and management. Quotes from the water manager on these 
subjects are referenced later in this chapter. The monthly OSD board meetings were less 
informative. The five person board primarily discussed budgetary issues and delinquent water 
bills. I obtained and reviewed copies of minutes from past OSD board meetings from 2009 to 
2011 that detailed the planning and construction of the water plant addition. During my research 
period there was also one meeting organized by residents not currently connected to the water 
system to pool funds to lay a water main in their neighborhood.  This meeting was attended by 
the water manager, a community organizer, an engineer consultant, the Ocracoke representative 
on the county commissioner’s board, and five residents.  To this date, that expansion has not 
been constructed.   
An important note about information gathered from participant observation tasks is the 
absence of freshwater development discussions in spaces outside of the water plant.  For 
example, after a year of attending county commissioners meetings, planning and advisory 
meetings, and civic and business association meetings, I have no examples of water-related 
discussions.  I understand this lack of discussion as evidence that the  implications of the 
installation of the additional reverse osmosis unit are not a high priority on the community 
agenda. Herein lays an analytical problem: how do I construct an analysis whose hypothetic base 
is a lack of data?  To circumvent this analytical dilemma I rely heavily on secondary data sources 
(planning documents, barrier island aquifer dynamics articles, water use data, maps, and 
photographs) paired with the qualitative data collected, in order to make generalizations. The 
127 
 
goal is that these derived generalizations regarding the changing relationship between people and 
freshwater provide valuable inputs into the Ocracoke case study PAR model.  
The survey.  
The survey was able to rank the public concern of freshwater security and development 
amongst other local issues, as seen in tables 3 and 4 in Chapter 3.  When asked, on a scale of 0 to 
4 where 0 equals no impact and 4 equals maximum impact, “how does the new addition to the 
water plant affect your way of life?” the median response was a middle ground of 2.  Although 
information could be gleaned from survey results to rank what the majority of respondents think 
is important and what they do not think is important, later in my research process I found this 
task lacking in comparison to the other in-depth textured accounts of life on Ocracoke.  I have 
found that the most valuable resource in the survey – in terms of insight –is from the additional 
comments section. For example, 77 respondents made an unprompted comment in the additional 
comments section, and of these six mention issues of water or septic, here are four of those:  
 The availability of peat-based disposal has permitted much denser housing and 
 corresponding  extra demand for water. Both change the character of the village. There is 
 a need for planning. (Female, 66 years old, 17 year island resident) 
 
 The expansion of the water plant and release of more water impacts without concern for 
 additional firefighting capabilities to protect future growth. (Male, 63 years old, 18 year 
 island resident) 
 
 Since first coming to the island in the 1960’s and being a property owner since early 
 1980’s we have seen many changes, the biggest being the introduction of city water in 
 1981-82 era.  (Female, 79 years old, 6 year island resident) 
 
 A lot of canals (Corp of Engineer ditches) and wetlands have been filled in, even though 
 there’s  supposed to be restrictions.  It’s created so much standing water… Ocracoke 
 needs to think  about a drainage system and enforce existing wetland laws. (Female, 58 
 years old, 36 year island resident) 
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When considered in concert with other primary and secondary data sources this survey 
data increases the robustness of the evidence and offers another point for data triangulation.  The 
information provided below was constructed from the triangulation of these data collection 
techniques. The historical, social, and biophysical aspects of the vulnerability of place are 
explored through a detailed account of the environmental history of water management, data 
gathered from the aforementioned qualitative methods, and a description of the island hydrology 
and aquifer dynamics.  
Historical Conditions  
The manner in which people historically diverted and deflected sea and rain water has 
changed the shape of the landscape, both socially and physically.  The act of building a structure, 
and then multiple structures, diverts rainwater from dropping where it would previously drop and 
redirects small collections of rainwater to more saturated areas.  These more saturated areas 
could be a cistern, a location of increased runoff, an increasingly dampened point of groundwater 
percolation, or standing water on an impermeable surface. Historically, seemingly small changes 
to the water infrastructure change the interface between humans and water.  On Ocracoke, the 
cumulative effect of these changes is a reorganization of local social and biophysical processes.  
These reorganizations include changes in housing types, housing density, population, surface 
hydrology, and aquifer characteristics. This section traces how the history of human-water 
relationships on Ocracoke has influenced specific changes in the social configurations of the 
village. 
A map authored by Edward Moseley in 1733 titled “A New and Correct Map of the 
Province of North Carolina” depicts a point at present day Springer’s Point labeled as “Well” 
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(see Figure 1).  In 1733 there were only about a dozen pilots
8
 and their families living on the 
island, but this well was more than likely used primarily for passing sailors and pirates to refill 
their water supply (Howard 2010).  This is the earliest documented evidence of water 
infrastructure on Ocracoke that I could find. The well represented on the Moseley map was 
probably a wooden plank-lined pit that reached the shallow uncontained aquifer located four to 
ten feet below the surface (Howard 2010).  This uncontained aquifer is referred to colloquially as 
the fresh water lens. The freshwater lens and rainwater collection served as the primary means of 
water access for another 244 years.   
 
Figure 17. First map of water infrastructure on Ocracoke Island. Notice the well point symbol on 
“Ocacock” Island. 
 
From the 1700s to the mid-1900s, wells and storage container types went through various 
phases of development (Howard 2010). Most early wells were wooden barrels stacked on top of 
each other inside a five to ten foot hole. These wooden barrels were repurposed from sailing 
vessels. In the early 1900s, long wooden troughs were made from wide cut boards of cypress or 
                                                 
8
 Pilots of ships would greet incoming commercial vessels and lead them through the dangerous inlet, or assist in the 
unloading of cargo on small skiffs to transport goods across the Pamlico Sound.   
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juniper trees and then caulked with tar to store rainwater that drained from rooftops.  Later, 
larger wooden cisterns held tight with iron bars became the popular method for storing water.  
As transportation to the island became more reliable, local historian Phillip Howard believes 
most of the iron-bound cisterns were purchased from catalogs as do-it-yourself kits
9
.  
The next development in cistern technology consisted of a diverse array of brick built 
storage containers. These cisterns were round or rectangular, with either a flat wooden top, a 
brick sealed dome, or a brick flattened top. A screen would be strewn across the top of the cistern 
outlet to prevent debris from entering the household water source.  Some homes attached a hand-
pump to the top of the cistern, or even inside the house, to limit debris entry and to improve 
convenience from hauling buckets of water into the house.  Water procured from the cisterns 
would be poured through cheesecloth to remove the mosquito larvae and then sometimes boiled 
depending on the required usage. Tim, a man in his mid-fifties who spent his entire life on the 
island, explains the home water system of his childhood: 
Rainwater, gutters on the houses and that’s your drinking water, and you bathed in it. 
 Primarily everybody put well points down for groundwater to flush toilets and 
 everything. You treated the cisterns with Clorox, to keep them clean out. You had a 
 pump, dad had a filter on it. That’s how we got our drinking water. Up until they build 
 the water plant here that’s how everybody got water that was their water source.  (Tim, 
 interviewed 12/13/11) 
 
During the 1950s most cisterns were constructed of large concrete blocks and a 
reinforced concrete top.  These cisterns doubled as an elevated porch for most island homes, and 
                                                 
9
 All of the history of cistern advancements information is gathered from Phillip Howard’s monthly business 
newsletter: “Ocracoke Cisterns”, The Village Craftsmen Newsletter, October, 2010.  
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can easily be spotted in the village even today – although they no longer hold water (Figure 2).  
This was the last stage of individual household water infrastructure development prior to the 
installation of the first reverse osmosis unit in 1977.  
 
Figure 18. A cistern doubling as a porch.  
 
A 1972 Ocracoke village land use plan was conducted by the East Carolina University 
Regional Development Institute to analyze how a public water system would impact the 
development of the village (Mewborn 1972).  The plan projected accelerated development if a 
public water and sewage system were installed; stating (9), “the present limitations of water in 
the village are retarding the development of permanent residences, as well as commercial service 
facilities such as motels, restaurants, etc.” The plan projected a doubling of motel units by 1980 
if a public water system was installed. As of 1972 only 20% of the available 775 acres of the 
village were in use. This land in use contained a total of 351 structures, amounting to a density of 
one structure per 2.2 acres.  As of 2008, the ratio of developed land to vacant land had shifted 
drastically with only 36.7% of the total village categorized as vacant (2008 CAMA Core Land 
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Use Plan); compared to 79.4% vacant in 1972.  Table 1 illustrates land use change from 1972 to 
2008.  
 
Table 6 
Land use change 
Ocracoke Village Land Use % 1972 2008  % Change 
Residential  13.4 51.5  (+) 38.1 
Vacant 79.4 36.7 (-) 42.7 
Commercial 1.8 5.3 (+) 3.5 
Office & Institutional 0.6 4.7 (+) 4.1 
 
The percentages of vacant and used land continue to diverge in a 2025 future land 
demand forecast (2008 CAMA Core Land Use Plan).  There is an anticipated decrease of 28.5% 
in vacant land from the 2008 count, and an increase in residential land use by 21.4%. Thus, if 
this forecast is accurate, only 27.8% (196 acres) of the village will be classified as vacant land in 
2025.  The number of structures on the island increased to 844 housing structures in 2000, and 
983 housing structures in 2010 (US Census). The estimated housing density in 2000 was one 
house per 0.9 acre in 2000, increasing to one house per 0.79 acres in 2010. The number of total 
structures is actually higher than these counts as these numbers only include housing structures. 
The 1972 plan also warned of the potential pollution risk of increasing housing density 
and septic system contamination of the shallow uncontained aquifer.  The concern over aquifer 
pollution was in competing interest with the demands of tourist consumption: 
Analysis of the shallow wells points out the fact that they are inadequate as far as 
 capacity is concerned and produce water with higher than normal saline content which, 
 due to  its coming from shallow strata, is subject to pollution from septic tanks… the 
 ground water supplies on Ocracoke Island are probably sufficient to provide water to the 
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 permanent (winter residents) of Ocracoke; however, they are not sufficient to supply the 
 summer population. ...It can be assumed that the development of necessary tourist 
 services and facilities will be  curtailed unless the establishment of these needed facilities 
 is given top priority and installed as early as practical. (Mewborn 1972, p. 20) 
As the 1972 plan was being researched, efforts were already being made to install a 
reverse osmosis (RO) unit on Ocracoke, which the plan estimated would be able to accommodate 
the increase in population and visitors through to the year 2000 – five additions were made to the 
water plant up until the year 2000.  
In 1977 the first reverse osmosis unit was installed on Ocracoke on NPS land (via NPS 
special use permit No. 5:190:14).  The plant was funded by a federal rural development grant.  
The Ocracoke Island Sanitary District (OSD) operates the water utility plant independently of the 
county and is the only board on Ocracoke with the power to levy a tax. The supply produced by 
reverse osmosis necessitated municipal water infrastructure construction.  In 1978, for the first 
time in the history of Ocracoke, water was delivered though underground pipes to 349 island 
households. The current plant provides water to 1,210 buildings. In its first full year of operation 
(1978) the water plant provided the village with 21.65 million gallons of water; in 2011 the water 
plant delivered 47.39 million gallons. The increase in demand, driven primarily by increases in 
tourism, was the impetus for further water plant expansions. The original water plant could 
produce a daily maximum of 100,000 gallons per day; today it can produce a maximum of 
835,200 gallons per day.  There have been seven major upgrades and advancements to the 
reverse osmosis machinery on Ocracoke (1980, 1987, 1993, 1995, 2000, 2003, 2010/11).  The 
most amount of water supplied in one year was in 2002 and subsequent dips are reflective of 
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changes in island visitation (see figure 3 in Chapter 4 for a chart of island visitation, and compare 
it to the chart below representing annual water supplied).  
 
 Figure 19. Annual water produced; data from the OSD.  
 
The additional water supply created via reverse osmosis changed the social conditions of 
Ocracoke, but also fostered biophysical changes.  Reverse osmosis technology alters the 
molecular character of water by transforming the seawater mixture into the pure elemental 
compound H20. Osmosis describes the movement of a solvent, but not its solute components, 
through a partially permeable membrane from a space of low solute concentration to a space of 
high solute concentration, thus equalizing the solute concentration on either side. Reverse 
osmosis transforms liquids with high solute concentrations into liquids with a low solute 
concentration that have better potential for human-consumption (Cotruvo et al. 2010).  
On Ocracoke the water source for RO treatment comes from the contained Castle Hayne 
aquifer located approximately 620 feet underground.  The Castle Hayne aquifer is an expansive 
limestone aquifer that stretches from the piedmont region of the Carolinas to the Outer Banks, 
and longitudinally along the coastal plain from northern South Carolina to New Jersey (USGS 
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Groundwater Atlas). Three deep wells pump brackish water from the limestone aquifer to the 
plant for RO treatment.  There are a total of nine RO units in the Ocracoke plant. Six of the units 
operate at a processing speed of 60 gallons per minute. The three new RO units can operate at a 
speed of 75 gallons per minute. The difference between the speed of this delivery system and 
rainwater collection across temporal scales is substantial. 
 Reverse osmosis requires a large amount of electrical power. Ocracoke is the dead-end 
of a single electric line system that stretches the length of the Outer Banks and is channeled 
underneath portions of the Pamlico and Albemarle Sounds.  If a main power line fails in Kitty 
Hawk, NC, 90 miles to the North, the power goes out on Ocracoke.  This network is extremely 
susceptible to power failures in the wake of a large storm, as exemplified by the two weeks it 
took to restore power following Hurricane Irene – this is further explained in the next chapter.  
The water plant has a gas-powered emergency generator powerful enough to produce 400,000 
gallons of water per day.  In 2010, on average, each gallon of water delivered by the Ocracoke 
water plant required 94.9 kWh of energy
10
. In 2013, the second full year of production following 
the new RO addition, each gallon of water delivered required 103.8 kWh of energy.  
Prior to entering the RO units, the brackish water is injected with an anti-scalant chemical 
that works to keep salt and other build-up from accumulating on the RO membranes. Brackish 
chemically-treated water is pumped into the RO units with a 40 horsepower electric motor.  The 
motor pressurizes the water to about 300 pounds per square inch, pushing the water through a 
pre-filter that removes large particulates then forcing it through Filmtec BW30-8040 membranes. 
Each unit of water takes three passes through three tiers of membranes. After RO, the water is 
treated with 1 ppm of chlorine and 0.3 ppm of zinc orthophosphate. RO does such a good job of 
                                                 
10
 This number is a simple calculation of water produced divided by water plant energy usage; data from the OSD. 
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stripping the water of mineral solutes that it produces a very soft water. Soft water is corrosive 
because the weakly bonded hydrogen readily bonds with cations in other materials, causing them 
to gradually dissolve. The zinc orthophosphate coats any metal pipes, infrastructure, hot-water 
heaters, etc. to limit corrosion by the soft water. Chlorine is a disinfectant added per the 
requirements of the state of North Carolina.  The water is then pumped up through a standing 
pipe stack where an aerator blows air into the bottom of the stack.  All the air that is blown up 
from the bottom of the stack releases the hydrogen sulfide smell from the water before it drops 
down into storage tanks. The plant has a total storage capacity of 550,000 gallons. One elevated 
tank stores 150,000 gallons and two ground level tanks store 200,000 gallons each.  The new 
water is now ready for distribution. The process results in a 67% recovery rate for the water 
pumped through the RO units into the storage tanks. The remaining 33% of high-saline brackish 
water is pumped 100 feet away from the shore into the shallow waters (3-4 ft.) of the Pamlico 
Sound.  I asked the water manager if this process impacts the ecology of the sound where the 
rejected brackish water is pumped back into the sound. He responded: 
No.  I do know years back, every now and then, the Marine Fisheries will go around and 
post signs in certain areas, closed to shell fish. And mostly because of septic drain off. If 
the, not bacteria but, when the level of bacteria is something in certain areas they will 
post signs not to eat shell fish. I don’t think they’ve ever had to do it on this area right 
here where we pump that waste water because that water we actually pump out is a little 
fresher than the saltwater that’s already out there. It’s pretty close to what the sound is 
actually if I remember correctly. (Ted, interviewed 11/12/11) 
To clarify what the water manager is saying, the water that is pumped from the deep aquifer does 
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not have as high saline content as the seawater in the sound. Therefore even after the process of 
reverse osmosis the 33% rejected brackish water is still lower in saline content than the sound; or 
what the water manager calls “pretty close.”  The most recent assessment by the North Carolina 
Division of Marine Fisheries in 2007 reports that the Ocracoke Sanitary District discharges 0.45 
million gallons per day (MGD) into the Pamlico Sound and that the National Pollutant Discharge 
Elimination System (NPDES) categorizes this output as “minor” (Tar-Pamlico River Basin, 
Basinwide Assessment Report, Whole Effluent Toxicity Program 2003-2007).  The EPA also 
inspects the OSD every year, consistently designating the surrounding waters as not impaired 
(EPA Enforcement and Compliance History Online database, accessed April 2014).  
The purpose of this section was to provide a historical description of the social and 
biophysical conditions of Ocracoke as they relate to freshwater procurement.  To assess the 
progression of vulnerability requires an understanding of local social conditions, which include 
advancements in water infrastructure, the history of housing density, and the capabilities of 
reverse osmosis technology.  Equally important is an understanding of biophysical conditions 
like aquifer dynamics and potential pollution risk.  Within the PAR model (figure 6) increased 
housing density is identified as a dynamic pressure that translates into unsafe conditions that take 
the form of contamination in the near-surface aquifer. 
Water, Land-use planning, and development  
In 1974, North Carolina passed the Coastal Area Management Act (CAMA) which 
requires coastal counties to take an active part in the management and development of coastal 
areas. Part of this requirement includes the publication of regular up-to-date land use plans.  The 
most recent Hyde County CAMA Core Land Use Plan was adopted by the county board of 
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commissioners in 2008 (CAMA Core Land Use Plan 2008).  The 2008 land use plan projected 
modest population growth rate of 0.91% per year through 2030.  The predicted low growth rate 
was based on the limited availability of developable land, the lack of sewer facilities, political 
resistance, and regulatory restrictions on residential development (CAMA Core Land Use Plan 
2008). However, the land use plan did mention that as properties became more valuable, and 
with continued water system expansions, there would be a gradual increase in residential density 
through 2030.  With the continued water system expansion, the plan also suggested additional 
zoning restrictions (lot size to structure ratio, structure height, etc.) should be introduced to 
manage the anticipated development. 
Even with the recognition of the continued increase in population and housing density, 
there are still some quantitative mismatches as to the purpose of the additional water supply.  
Prior to the 2011 addition the water plant’s maximum operating capacity was 534,000 gallons 
per day. After the 2011 addition the water plant’s maximum operation capacity increased to 
835,200 gallons per day.  The 2008 land use plan anticipated an additional 125 structures built by 
2025 which results in a total projected demand of 452,340 gallons per day. It was assumed that 
the average demand would be skewed by the additional water demand needed in the summer 
months. Total water use data from the OSD shows that actual water demand in August of 2010 
was 8.02 million gallons, or 258,709 gallons per day. The 2008 land use plan forecasted a 
demand of 393,960 gallons per day in 2010. To clarify, the CAMA land use plan estimated 
452,340 gallons per day demand in 2025, and prior to the 2011 water plant upgrade the plant 
could already operate at 534,000 gallons per day. What will become of the potential additional 
382,860 gallons per day (current capacity minus 2025 estimated demand) is yet to be seen, but 
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available water resources acting as a barrier to further development seems unlikely in the near 
future. To further combat the idea that the village needs additional water supply is the fact that 
village water use has steadily declined since 2002 (see figure 3).  
Although the water plant can operate at a maximum of 534,000 gallons per day, its 
maximum daily output in the busiest summer months is around 350,000 gallons per day. The 
average cost to produce 1,000 gallons is $12.81.  The cost of water for customers is based on a 
tiered pricing structure.  A single family residence pays $14.65 for their first 2,000 gallons with 
the price gradually rising per every thousand gallons used after that (e.g. $8.09 per thousand 
between 2,010 to 5,000 gallons and gradually reaching $15.48 for every thousand used over 
100,010 gallons).  
The 2008 land use plan concluded with a summary of key liabilities for the community of 
Ocracoke. The list of liabilities reflected the paradoxical nature of community concerns. The 
liabilities listed in order were: “development is out of control (no zoning), lack of privately-
owned developable land, congestion in peak season, water system needs to be expanded, needs 
public wastewater collection and treatment system, and needs stormwater runoff system.”  This 
list reads as a ping pong match of contradictory concerns.  Development is out of control, but 
there needs to be more land to develop. The village is too congested in the summer, but there 
needs to be more water services to supply the growing demand.  There needs to be wastewater 
system, and there needs to be stormwater runoff system; these two concerns are also connected 
because as the oversaturated near surface soils are inundated with extra artificial discharge via 
septic drainage fields, their ability to absorb rainwater is diminished. 
The issue of stormwater runoff is fundamentally connected to local water and land 
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management practices.  Research on Hatteras Island has shown that the height of the water table 
is positively correlated with amounts of runoff (Anderson et al. 2000).  There is more runoff 
because the near surface soils become saturated more quickly when the water table is higher. 
Recently, standing water on Ocracoke has become an issue of public concern
11
.  Depending on 
the elevation of the property most lots require infill prior to development, as required by CAMA.  
Infill means that prior to building a house the elevation of the property is raised through the 
addition of more soil. This has subsequently led to lots being slightly higher in elevation than the 
nearby roads, which then funnel runoff onto the impermeable asphalt surface.  The photograph 
below (figure 4) was taken on November 30, 2013.  The rain event that created the standing 
water on this paved road was approximately 1.72 inches of rain on November 27, 2013 (Source: 
National Weather Service).  
                                                 
11
 The Ocracoke Current is Ocracoke’s only local online news source: www.ocracokecurrent.com. Recent headlines: 
Water, Water Everywhere (12/5/13), Rain and Drains (1/17/14), Storm Water Task Force Will Meet This Saturday 
(1/31/14). 
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Figure 20. Photo of sunny day, flooded road. Photo credit: Mark Blecher  
 
Residents are concerned with standing water because of the difficulty in traversing the 
deep puddles, the potential for increased mosquito breeding sites, general public health, and 
neighborhood aesthetics (The Ocracoke Current: Rain and Drains 1/17/14).  The inability of this 
rainwater to be quickly absorbed into the saturated soil can be linked to the additional water 
added to the local surficial hydrologic system because of the desalination plant. The Castle 
Hayne aquifer from which the water supply is pumped is a deep contained aquifer.  After human-
use, the waste water is then redistributed to the near surface uncontained aquifer via septic 
drainage fields. A preliminary study of the water quality of the harbor (Silver Lake) on Ocracoke 
by the soil science department at North Carolina State found substantial evidence of fecal 
contamination from five sample sites of standing water in the village (internal document, 2012). 
Four of five of these samples tested exceedingly high for E.Coli counts. The study suggests that 
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the contaminated standing water in the village is a substantial source of contamination in the 
local harbor. 
In 2010, the Ocracoke water plant produced and delivered 47.4 million gallons of water 
to customers. There is a relationship between adding such a large amount of additional water to 
the local water table every year and the inability of rainwater to quickly be absorbed into the 
sand soil.  In a phone conversation with Joe Anlauf of Anlauf Engineering in Kitty Hawk, North 
Carolina, and consultant to the Ocracoke Stormwater Task Force Committee, he stated that the 
addition of outside water to the local water table “absolutely” impacts the amount of standing 
water in the village (phone interview, 02/13/14).  Sandy soil generally has a very low infiltration 
value, meaning that it requires a lot of precipitation before runoff is produced.  Over 72% of the 
village of Ocracoke is comprised of soil types that have very high permeability rates (Corolla 
sand, Duckston sand, Newhan fine sand, Newhan-Corolla complex, udorthents) (data form 
USDA Web Soil Survey). In personal correspondence with Dr. William Anderson, a geologist at 
Appalachian State University who has researched aquifer characteristics on Hatteras Island, he 
suggested that the artificial recharge via septic fields would not be enough to significantly raise 
the water table.  He estimates that an artificial recharge of 50 million gallons per year could raise 
the water table approximately 5-19 cm/yr.  According to Anderson, this is not enough to 
significantly influence the absorption of storm surges, but could lead to more standing water at 
the surface.   
However, older residents also recall times when the village was dominated by drainage 
ditches with standing water prior to 1977. An article in the local online newspaper cites older 
residents who recall that the same areas of the island had standing water in the 1940s and 1950s 
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(The Ocracoke Current: Water, Water Everywhere 12/5/13).  Edward, who is in his nineties and 
spent his childhood on the island, recalls these ditches: 
This village, when I was a kid, was all ditches. You’d find a dry spot and put your house 
 there. It wasn’t solid like it was now. They closed about three-quarters of the mosquito 
 ditches that used to be here. A lot of those ditches are now closed. Now, Oyster Creek, 
 some of those were mosquito ditches, they made them into canals.   
It was just a very simple way of life which is nothing like we have today.  You can’t even 
see anything around here that even resembles Ocracoke the way it was.  You can’t even 
smell old Ocracoke. Old Ocracoke, if you to Portsmouth you can smell the mud and the 
marsh and you smell that sulfur. If you go by the water plant you can smell it up there 
usually when they are digging in the mud. So that smell is gone from all the ditches that 
used be here. (Edward, interviewed 8/6/2011) 
From Edwards’s response, and as the article from the Ocracoke Current, it seems standing water 
was a feature of the island long before the reverse osmosis plant came online.  However, this 
memory of a ditch-dominated landscape is prior to major infilling that took place since the post-
1977 construction boom.  Historically, there was a network of drainage ditches that channeled 
runoff through the village. As the housing density in the village increased, the amount of high 
and dry land decreased.  When houses were built on lots where the drainage ditches crossed, they 
were filled in with sandy soil to raise the elevation of the property.  This has resulted in the 
paved impermeable roads serving as the new runoff channels.   
In terms of the progression of vulnerability within the PAR model this section provided 
some key inputs. I have identified the additional water supply added to the near surface aquifer 
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via septic drainage as a pressure that increases the amount of the standing water in the village.  
This dynamic pressure has the potential to foster unsafe conditions, such as general health 
concerns stemming from standing water and could also hinder the island’s ability to absorb storm 
surges.  These factors are further discussed in the closing section of this chapter.  
Local Knowledge and Cultural Practices  
 The vision of Ocracoke Island in the 21
st
 century is a community that ensures livability 
 and economic viability by offering the discerning vacationer a preferable alternative to 
 the over commercialized beach destinations while providing improved attention to 
 Ocracoke residents. (The Hyde County CAMA Core Land Use Plan, 2008) 
Island residents’ thoughts on changes in water procurement were gathered in semi-
structured interviews, survey results, and by participant observation. From these experiences I 
identified reoccurring themes that focused on the following topics: memories of pre-water plant 
infrastructure, the relationship between water availability and development, and people’s 
concerns for the future of wastewater management.  As mentioned earlier, during participant 
observation tasks I found that discussions of the implications of changes in water infrastructure 
and management were uncommon.  This is not unusual as there are many examples of places and 
people not concerned with the dynamics of water procurement until it fails to come out of the tap 
(Kaika 2003; Aguilera-Klink et al. 2000). That water is the limiting factor for development while 
lacking a widespread popular interest makes this a particularly interesting aspect of local 
knowledge to examine. 
Some interview respondents (eight) discussed the relationship between advancements in 
the local water infrastructure and speculative economic development.  Interviewees recounted 
the story of an off-island real estate partnership consisting of two men, Frank Wardlow and 
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Doward Brugh, that sought to develop two uninhabited sections of the island as housing 
subdivisions in the early 1970s. Frank Wardlow developed the present day Sound Shores 
neighborhood, and Doward Brugh developed the Jackson Dunes neighborhood (see figure 1, 
Chapter 4).  Wardlow petitioned for federal grants to build a reverse osmosis unit in the early 
1970s, and became the first president of the OSD.  Three interview participants said that 
Wardlow  and Brugh had a business falling-out prior to the completion of the water plant, so 
when the water lines were laid in 1977 they were run throughout the historic residential areas of 
the village (Down Point and Around Creek) and Wardlow’s projected subdivision of Sound 
Shores, but not to Brugh’s planned development.  In a discussion with Brugh on the phone 
(2/24/14) he disagreed that it was a “falling-out” and said it was simply a matter of business. 
Frank Wardlow is now deceased.  Brugh’s Jackson Dunes would not receive city water until 
1985 when homeowners paid the cost for pipeline installment themselves (interview with real 
estate agent and Jackson Dunes resident, Bonnie 1/12/12).  
Technological infrastructure of pipes and reverse osmosis technologies transform 
brackish groundwater into “potable, clean, translucent water” laden with powerful cultural and 
social meanings (Linton 2010). Thus, it is not surprising that in the interview discussions 
regarding water infrastructure it is inextricable from the costs and merits of development.  
Interviewees were asked the following sequence of questions:  “What is the most significant 
social or environmental change you have witnessed on Ocracoke?”, “Can you tell me how your 
relationship with freshwater has changed throughout your residency on Ocracoke?” and “How do 
you think the recent addition to water plant will affect Ocracoke?” When asked this sequence of 
questions nine respondents framed their concern in terms of increased development, which is a 
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broad term to describe the increase density of building structures. These responses were voiced 
in a manner that clearly implicated the water and sewage infrastructure as a pressure in the 
development processes.   
Compared to access to freshwater, a lack of buildable space was more frequently 
mentioned in participant observation tasks as the controlling factor of future development.  For 
example, as a volunteer with the Ocracoke Foundation I assisted in producing GIS maps for an 
affordable housing program and a map that highlighted lots large enough to build a recreation 
field for a recreation subcommittee. Both of these tasks required attending dozens of meetings 
where the discussions focused on issues of open space. None of these meetings discussed the 
potential pressure of an additional water supply on the small amount of open space. The scarcity 
of freshwater and land on Ocracoke are both capable of being altered by available techno-fixes. 
In a discussion with a current real estate agent she stated that, “city water is the major cause of 
development on Ocracoke.  You would have no McMansions [large cookie-cutter type houses] 
on Ocracoke if they had to exist off of groundwater which was disgusting, sulfur-y!”  Addressing 
the issue of limited space for development she fearfully mentioned the potential for wetland 
infill, “Filling in the marsh land, we’ve got mitigation services.  We have options nowadays 
where all you have to do is pay money and you could fill up to a tenth of an acre.”  
Another longtime resident, who can trace his lineage back to one of the original families 
to settle on Ocracoke, expressed concern over the conflicted relationship between water and 
sewage systems and the traditional island way of life. 
 In a strange way I guess a major threat [to Ocracoke] could be a central sewage system. 
 Which  would allow for such density of development. The water system certainly was a 
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 major threat to the way of life here. It just changed the whole environment. I mean, the 
 whole social environment. It went from a place where you couldn’t have a hotel that had 
 fifty rooms. You couldn’t build a cistern big enough!  (Bert, interviewed 10/11/11) 
The water system has undoubtedly supported the increased density of housing on Ocracoke. This 
increase has some residents concerned with issues of septic field drainage.  The 2008 CAMA 
Core Land Use Plan describes the septic system on Ocracoke as follows: 
 …wastewater disposal is provided by privately-owned, on-site septic systems of small 
 package systems. Increasingly, traditional septic systems on the Island are being replaced 
 with more sophisticated (and effective) mound systems and low-flow trickling filter 
 systems as the old systems wear out and as properties are sold. …Due to concerns about 
 negative environmental impacts and a significant increase in building density on the 
 Island, the establishment of centralized sewer on Ocracoke Island does not appear to be 
 supported by Island residents at this time. (The Hyde County CAMA Core Land Use 
 Plan, 2008) 
 An example of these possible negative environmental impacts is the housing development of 
Oyster Creek; a series of fifty-foot wide lots oriented around a finger canal system.   When I 
asked the current water manager what he thought the biggest social or environmental concern for 
Ocracoke was, he responded:  
 The uncontrolled development. One of the things that really just burns me up is some of 
 the things that was done early on by developers when they made these real small 
 buildable lots; like 5,000 foot lots. It affects the density of the buildings; we don’t have a 
 central sewer system.  You have 50 foot wide lots, like some of the ones in Oyster Creek, 
148 
 
 you got three lots in a row, you got three houses, you got three septic fields and drain 
 fields right next to each other and then they’re bordered  by the canal on both sides. 
 That’s just not common sense. It goes back to the uncontrolled building, a lot of 
 uncontrolled regulations. You have developers doing things that was just not common 
 sense. It was all about the money. (Ted, interviewed 11/12/11) 
 
 
Figure 21. Photo of Oyster Creek: This is the area that the water manager describes in the 
previous quote. Photo Credit: Mark Blecher.  
 
Without a central sewage system each house is reliant on an individual septic drainage 
field.  The proximity of the series of septic drainage fields has infiltrated the shallow lens of 
freshwater that rests just below the surface, rendering it unsafe for drinking.  The local water 
table has been inundated with millions of gallons of additional wastewater – the realignment of 
hydro-social arrangements simultaneously alters the local hydrology.  When asked to imagine 
what future socioenvironmental changes could impact the island, longtime resident and current 
head NPS ranger on Ocracoke stated:  
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As far as other changes that I can see, we’re getting ready to expand the water so we’ll 
 have that. I think one of the worst things that would happen is that if the community ever 
 got, and it might not be in my lifetime, but it might be sometime, that they want a sewage 
 system here. If they do that that’s going to allow people to build closer to each other and 
 it would be more like Nags Head and places like that. (Eric, interviewed 6/24/2011) 
A bed and breakfast owner had a similar response: 
 One of the things that changed Ocracoke most, increased the population, and the tourists, 
 was when the water went in. That was the big thing. And there has been a lot of talk, off 
 and on, about putting a sewage system in, and if that goes in, Ocracoke will change 
 irreparably.  (Eleanor, interviewed 7/18/2011) 
To summarize, a central water system was motivated by economic development, which 
allowed for an increased housing density and in turn has strained the septic field drainage 
system. The most recent development in this process is an addition to the available freshwater 
supply, without contingent changes to human waste management. The increased quantity of 
water available on Ocracoke directly increased the quantity of consumers. The limiting factor to 
growth and development is no longer water to satisfy the demand of consumers, but now is a 
system to mitigate their resultant wastewater. A sufficient supply of water alone does not 
produce growth. Variables such as housing costs, employment opportunities, desired amounts of 
isolation, and other issues of political economy influence the number of people on Ocracoke. 
Water provides for the condition of growth, growth increases system inputs, and then wastewater 
increases outputs. Without a municipal sewer system wastewater is an externality in this 
input/output relationship.  
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Prior to the most recent upgrade to the water plant, the lack of available water meters 
served as a disincentive to continued development; household water access hook-ups are referred 
to as “meters” by local residents. A local inn owner and lifelong resident discussed this transition 
and speculated on the impacts of the additional water supply: 
 We of course grew up drinking cistern water and well points, and then the water system 
 came in the mid-70s and I think that made a difference in when the real estate boom was 
 hot on the Outer Banks and water meters [hook-ups] were not available here and that 
 made a difference in terms of slow growth. Now that they are available and things are not 
 doing well as far as property selling, it’s probably a smart growth way of easing into who 
 needs a water meter. (James, interviewed 11/11/11) 
An “impact” is the term used by the local water plant managers to describe the 
connection of a water meter to the delivery network. One impact can supply a property with a 
maximum of three bedrooms and two bathrooms. The total fee to connect to the village water 
system is $5,000. The new RO unit went online in the summer of 2011 and created five hundred 
additional impacts.  As of September 2011, one hundred of the new impacts were sold. A year 
later, in 2012, that number had increased by less than a dozen. As of November 2013, 120 
impacts were sold. The decrease in water impacts sales was unexpected by the OSD. The slow 
rate of impact sales is likely representative of a national decline in housing sales and construction 
in the wake of the 2009 economic recession; and what James is referring to in the previous quote 
when he says “thing are not doing well.” Another lifelong resident and NPS ranger mentions this 
when I asked how the surplus water supply would impact Ocracoke:  
 I personally don’t think it will have that much more. Only because of the fact that there 
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 was a long period of time that you couldn’t get a water meter. And I thought that once the 
 water meters were released that it would allow more people to be buying them, but 
 they’re not. But they’re not buying the water meters as fast as I thought they would… the 
 way the economy is people aren’t able to buy or purchase land or houses or to build. Very 
 few little houses as you can tell are being built in the last two years. So I think that they 
 expanded with a lot of production, a lot of growth, and that might be in the future too.  
 When the economy gets better. (Eric, interviewed 6/24/2011) 
Upon triangulating data obtained via semi-formal interviews, participant observation, and 
the survey, some themes become apparent about the relationship between people’s ideas of 
development and their concerns with maintaining local livelihoods. For example, in certain 
instances maintaining livelihoods on Ocracoke means less development, as shown in these 
survey and interview responses: 
Too many new, over-sized rentals that detract from Ocracoke’s unique character, which 
 is what visitors love and come here for.  (Female, 67, island resident for 13 years) 
 
Over occupancy – too many people in rental houses. (Male, 51, island resident for 12 
 years) 
 
I’m concerned about the loss of green and open space in the village. (Female, 38, island 
 resident for 33 years) 
 
Overdevelopment resulting in loss of habitat for native species. (Female, 61, island 
 resident for 18 years) 
 
More development = bad. It’s getting crowded, less day-trippers = good. Need “current 
 use” taxing residence on the land value – as they’re going to be torn down and replaced 
 with condos is unfair! Taxing residents (who are long term owners) who have no intent to 
 sell and supposed maximal developmental potential is patently unfair.  (Female, 52, 
 island resident for 52 years) 
 
Houses are too big for this small island (Septic). The illusion that more development is 
 good for the island (more money). It will destroy what the island is about, and why it 
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 attracts visitors generation after generation.  (Female, 71, island resident for 12 year).  
 
One thing, which we haven’t talked about, is restrictions on building, real estate 
 development,  there is no zoning here, which I think is a mistake.  (John, interviewed 
 7/26/2011) 
 
Similarly, older island residents have described tourism-based development as something 
eroding the traditional character of Ocracoke, while simultaneously recognizing the importance 
of tourism on their children and grandchildren’s ability to make a livelihood on the island.  
 When I was a kid you didn’t need a driver’s license or tags to drive a car on Ocracoke, so 
 there’s  always been that kind of independent spirit on Ocracoke until the ferries starting 
 running, and tourists starting coming to the island and they started enforcing laws. When 
 I built [my store] in the mid-1970s I didn’t get any papers, I didn’t have to, no 
 requirements for any permits for anything, electric, water, building permits, I just bought 
 the lumber and started building.   
 That pretty much changed in the 70s, because all of a sudden there were a lot of people 
 here.  Imagine if the variety store tried to close for a funeral with all these tourists. But 
 years ago when there were a hand-full of tourists on the island, even they understood that 
 somebody here had died and it was a community event, all the stores closed, and 
 everybody went to the funeral. (Malcom, interviewed 6/23/2011) 
However, for other residents their livelihoods are dependent on development to strengthen the 
tourist economy, as these survey and interview responses elucidate:  
 The tourist business effects the whole island economy. If they have to pay too much to 
 get here or to drive on the beach they won’t come here – thus sales will fall off and I lose 
 my job. – Female 74, island resident for 15 years.  
  
 We are a tourist based environment and need to encourage visitors not limit them from 
 coming. – Female 38, island resident for 9.5 years. 
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 Without tourism Ocracoke wouldn’t exist. It used to be fishing. And when we first came 
 here it  was fishing and people worked for either the ferries or park service. But the 
 population can’t survive on that now. – Eleanor (interviewed 7/18/2011)  
 
 A long, long, time ago people wanted to hold real estate agents accountable for why the 
 property values are doing this [going up]. And that’s when I started writing my real estate 
 articles is when I just couldn’t take it anymore, because the bottom line is if you were 
 born and raised here, never sold off your big tracts of land, there wouldn’t be any 
 development. You sold it off so you could make money, so when you refuse to sell a 
 house on the harbor… A House on the harbor sold for $150,000 and we thought that was 
 the most money we had ever heard of, well 2,3,4, years later a bed and breakfast goes on 
 the marker for sale for $350,000 because the seller refused to except anything les. So 
 when you refuse to accept anything less you automatically take the bar and push it and it 
 stays up there until you have an economy crash like we just went through; that’s what this 
 bubble is all about. And I’m in the business so if people want to continue to sell their 
 property and the water is there for them to develop the property then I think it’s just 
 logically going to happen. – Bonnie, real estate agent (interviewed 1/12/12) 
   
As some of the responses above indicate, the current state of the economy is referenced 
for the slow rate of water hook-up purchases.  Residents also cited the lack of physical space to 
build acts a limiting factor to continued development. For example, while discussing the possible 
changes that a septic system would bring to the village, Gabe, a bed and breakfast owner stated: 
To the extent that it can. Ocracoke as you know is hemmed in, and cannot expand. I 
 guess there is no annexation potential at all for the Ocracoke village versus the Park 
 Service.  It’s probably too late [to install a central septic system], at this point we may be 
 beyond the local level of totally reversing the existing current system for a small gain. 
 There really isn’t that much available developable space within the confines of Ocracoke 
 anymore.  – Gabe (interviewed: 7/18/2011) 
 
Even with the slow start to water hook up sales, the OSD foresees the need for future 
upgrades to the plant based on the history of past upgrades. According to the water manager at 
the Ocracoke Water Plant, “development took off for the next twenty years” following the 
installation of the first system.  During a tour of the water plant the manager discussed the 
opening of the plant in 1977: 
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It was already under capacity by the time it went online. Every summer was a struggle, 
we didn’t have an emergency generator, every time it broke down it was a fiasco. Then 
we added this (points to RO cabinet) part of the plant in the mid-1980s. We added this 
section (points to another RO cabinet) of the plant and put on the extra RO that upped our 
capacity. 
 
After every advancement in the water plant’s filtration capacity another round of improvements 
were already in the discussion phase according to the water manager. In an interview he 
expressed that throughout the history of the water plant – which he has worked at since it opened 
– he has had a continual concern of the water plant not being able to produce enough water to 
meet the demand.  A nuance in the idea of having an adequate water supply is the fact that 
village water-use as steadily declined since 2002 (see figure 3).  
The PAR Model Inputs   
 Through the triangulation of multiple data sources I identified important themes that are 
constructed as inputs in the PAR model below. A review of historical documents and land use 
plans provided examples of the parallel relationship between water infrastructure improvements 
and island development. From my participant observation at the Ocracoke water plant I was able 
to provide a detailed description of the reverse osmosis process. Insights into socioenvironmental 
change and water management gathered from semi-formal interview responses and survey 
responses inform generalizations made regarding local knowledge. Through a dialogue with a 
leading scientist in Outer Banks groundwater dynamics, I was able to extrapolate evidence 
regarding the groundwater dynamics on Ocracoke. The triangulation of these data points 
provides the basis for the following generalizations.  
I conclude this chapter by considering how the evidence presented addresses the research 
questions posed in the introductory section of this chapter. Then, I document how this 
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information informs the PAR model of vulnerability on Ocracoke. The questions posed at the 
beginning of the chapter asked: how and to what degree does water management on Ocracoke 
influence socioenvironmental conditions and change? And, how does local knowledge of 
socioenvironmental change influence the progression of vulnerability?  Finally, what are the 
implications of water infrastructure adjustments for shifting environmental risk regimes and 
socioeconomic well-being?  
The manner in which water has been controlled and used on Ocracoke has changed local 
environmental conditions. Prior to a public water provider these changes were minimal.  The 
uncontained near surface aquifer was capable of supplying the small population of the island 
with ample freshwater, and the density of the island was so sparse that septic contamination was 
not a major issue.  Since the installation of a public water system in 1977 the OSD has pumped 
an average of 39 million gallons of water from the contained Castle Hayne aquifer every year. 
This has created a reorganization of local surface hydrology and near-surface groundwater 
dynamics. The water drawn from the deep contained aquifer is released into the local near 
surface uncontained aquifer via septic drainage fields.  The amount of wastewater is also steadily 
increasing as the additional water supply produced via reverse osmosis has allowed for more 
people to visit and reside on the island. The continuous release of wastewater into the 
uncontained aquifer has resulted in its contamination.  Water from the uncontained aquifer is 
now only used by residents to water plants.  The production of a surplus water supply has 
enabled the current tourism based economy that a majority of residents rely on for their 
livelihoods.  Although contaminated, a substantial increase of any water into a near-surface 
uncontained aquifer of a barrier island raises the elevation of the local water table (Anderson et 
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al. 2000).   
The changing environmental conditions noted above play a crucial part in shifting 
environmental risk regimes.  Research (Anderson 2000 et al.; Masterson et al. 2014) on 
uncontained near surface aquifers on barrier islands (Hatteras Island, NC and Assateauge Island, 
MD) shows that elevated water tables produce more runoff, thus increasing the risk of flooding 
by storm surges.  This risk is compounded by the fact that the increase height of the water table 
on Ocracoke consists of wastewater, thus setting the scene for a post-hurricane toxic flood 
hazard.  Some residents of Ocracoke are concerned with issues of septic drainage, but how to 
address these issues is not clear.  In the portions of interviews shared in this chapter it is clear 
that residents fear a central sewage system would alter the character of the island. Much like the 
central water system, the central sewage system would allow for an increase in housing density.  
The Ocracoke water manager has explained that the current septic system is already leaking into 
canals and posing problems when lots are too small and too close to each other.  The intertwined 
social and biophysical conditions associated with water procurement on Ocracoke have 
absolutely altered local environmental risk regimes.  Identifying the root causes and dynamic 
pressures of these changing environmental conditions within the PAR model can reveal potential 
paths to avoiding unsafe future conditions.  The PAR model table from the previous chapter is 
updated to include the pressures associated with water management.  
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Figure 22. PAR model: water management inputs.  
 
The dependence on continued tourism-based economic development on Ocracoke 
remains a root cause of the potential disastrous impact a hazard could have on local livelihoods 
and socioeconomic well-being.  The ability of a population to maintain livelihoods becomes 
increasingly difficult when it is dependent on an unreliable tourism economy.  The dependence 
on a mono-economy coupled with the fragile resource base of a small island make Ocracoke 
extremely susceptible to anything that disrupts either one of those social or environmental 
regimes.   On Ocracoke, these fragilities include the pressures of freshwater access and 
freshwater allocation. These root causes, dynamic pressures, and unsafe conditions when 
interfaced with a hazard produce disastrous consequences for the local socioeconomic well-
being, such as a breakdown to lifeline infrastructures (electricity access, transportation routes) or 
sewage seepage. Considering the relationship between socioeconomic well-being and water-
related issues becomes increasingly complex when considered in tandem with a hazard.  
The dynamic pressures identified in this chapter include the increased production of 
freshwater and a continued increase in housing and population density.  The limited land area of 
the village compounds these issues, and within the PAR model is categorized as an unsafe 
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condition. As a reminder, unsafe conditions are the form in which the vulnerability of people is 
expressed (Wisner et al. 2004: 55).  Wisner et al. (2004) use the analogy of a nutcracker to 
demonstrate the concept of the PAR model. The progression of vulnerability, when interfaced 
with hazardous conditions produces so much pressure on a place that the “cracking” of the 
nutcracker is analogous to the production of disastrous conditions.   These disastrous conditions 
are seemingly dormant within a place, but become magnified through the converging pressure of 
the progression of vulnerability and the physical hazard.  In terms of water management on 
Ocracoke the pressures of limited open space, increased freshwater production, and increased 
housing and population density take the form of increased standing water and a contaminated 
near surface aquifer. When these factors in the progression of vulnerability interface with the 
hazardous conditions of a hurricane the potential disaster includes the ruination of the current 
septic system. The hazards of rapid coastal erosion and storm surge flooding have the ability to 
completely undermine the near surface septic drainage fields.  These associated hazards of a 
hurricane and the potential resulting disasters are further detailed in the following chapter.  
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CHAPTER 6 
VULNERABILITY ASSESSMENT 
Introduction  
 Land and water management practices affect people’s vulnerability to hazards. The 
previous two chapters documented the specific historical, economic, cultural, and biophysical 
conditions that shape exposure and sensitivity in Ocracoke, NC.  Identifying these conditions 
within the parameters of the PAR model provides insights into the root causes, dynamic 
pressures, and resulting unsafe conditions of a potential hazard. This chapter introduces the 
potential hazard – a hurricane – to the PAR model. This introductory section briefly discusses the 
benefits of a community vulnerability assessment.  The next section identifies the biophysical 
conditions as they link to the geomorphology of the barrier island formation. Then, the physical 
vulnerability of the community to hurricanes is profiled through an examination of the three 
major hazardous components of a hurricane: wind speed, erosion, and storm surge.  Here the 
material factors of exposure are examined to project and spatialize potential storm surges and 
erosion associated with varying strengths of storms.  Next, the historical condition of the 
relationship between the community and hurricanes is assessed.  It is important to understand the 
social dynamics of past hurricanes as the history of living with these storms has been passed 
down through multiple generations, thus influencing the manner in which people prepare and 
respond today.  The concluding section of the chapter addresses the third research question: what 
political and economic arrangements accelerate or decelerate reductions and enhancements in 
vulnerability? The concluding section also examines how the progression of vulnerability, as 
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described through the PAR model, intersects with a hazard.  This includes suggesting possible 
actions for ‘releasing’ the ‘pressures’ that translate a hazard into a disaster.  
Coastal vulnerability as assessed by the USGS Coastal Vulnerability Index (CVI) uses 
the variables of geomorphology, shoreline erosion and accretion rates, coastal slope, rate of 
relative sea-level rise, mean tidal range, and mean wave height, to classify coastal areas as 
having low, moderate, high, or very high vulnerability.  The resulting index quantifies “the 
relative risk that physical changes will occur as sea-level rises (Thieler et al. 1999).” The map 
below depicts the CVI scores for Ocracoke (figure 1).  The northeast section of the island has a 
very high vulnerability; the regular overwash of the north end is also cited by interview 
respondents later in this chapter. However, the vulnerability of the CVI is not the same as 
described throughout this dissertation, as the variables used to map the CVI are strictly physical 
variables, and do not account for social variables.  What the CVI classifies as vulnerability is 
referred to as exposure within the vulnerability literature and within this dissertation.  The 
southwest section of the island, where the village is located, is scored as being only moderately 
vulnerable.  
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Figure 23. CVI scores for Ocracoke Island. Data from USGS (2011). Base map data from ESRI 
(2014).  
The Social Vulnerability Index (SoVI) developed by Cutter et al. (2003) is a county-
based assessment of social vulnerability to environmental hazards. The SoVI “synthesizes 30 
socioeconomic variables, which the research literature suggests contribute to reduction in a 
community’s ability to prepare for, respond to, and recover from hazards.”  These 30 
socioeconomic variables are grouped into eleven composite factors that Cutter et al. (2003) 
found to differentiate counties relative level of social vulnerability: personal wealth, age, density 
of build environment, single-sector economic dependence, housing stock and tenancy, 
occupation, infrastructure dependence, race (African American, Asian), and ethnicity (Hispanic, 
Native American). Race and ethnicity have been shown to limit access to post-disaster assistance 
because of language, cultural differences, and political marginalization (Pulido 2000, Peacock et 
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al. 1997, Bolin and Stanford 1998, Bolin 1994).  Hyde County’s SoVI score, based on data from 
2006-2010, is 3.56954, which places it in the 91.73 percentile of the most vulnerable counties in 
the United States of America
12
. Both of these indexes, the CVI and SoVI, provide insight into the 
physical and social aspects of vulnerability.  Within my qualitative assessment of vulnerability I 
build-on these scores with a detailed description of local historical, social, and biophysical 
conditions.  
Vulnerability is a place-specific process brought about by the historical collection of 
everyday actions and a physical hazard.  The challenge of vulnerability analysis is “to create 
ways of analyzing the vulnerability implicit in daily life” (Wisner 1993, 128).  Weichselgartner 
(2001) presents a conceptual approach to vulnerability that recognizes the uncertainties regarding 
the quantification and projection of risk while relying on the identification and description of the 
characteristics of vulnerability to inform local decision making and consequently decrease future 
damages and losses. In order to assess the vulnerability of a place, a community-based or 
bottom-up approach is valuable (Sutherland et al. 2005).  This type of assessment begins with 
examination of the conditions that produce vulnerability based on the experiences of local 
residents.  The purpose of a qualitative vulnerability assessment is to identify potential ways to 
decrease the sensitivity of the community to environmental change. The current capacity of the 
community to respond during a post-disaster event is assessed by triangulating data collected 
from multiple sources: interviews, participant observation, a survey, secondary biophysical 
measures, and historical records.  A biophysical description of hazardous conditions coupled 
with a description of community sensitivity produces a community vulnerability profile. In this 
community vulnerability profile I identify the degree to which the community’s current methods 
                                                 
12
 SoVI data accessed from the Hazards and Vulnerability Research Institute website at www.webra.cas.cs.edu/hvri 
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of living with the risks of environmental change would be altered if risks increased in frequency 
and/or severity.   
Biophysical Conditions   
The geomorphology of the Outer Banks is a dynamic process of continual change. 
Ocracoke Island, as a landmass, is a physical result of global climate change. Prior to the last 
glacial maximum (approximately 25,000 years ago), the current location of Ocracoke was 
comprised of natural levees of sediment that formed at the delta of the Tar River (Riggs et al. 
2011).  As the global temperature warmed, glaciers melted and the sea level rose. Approximately 
7,000 to 9,000 years ago the ancient piedmont region of eastern North Carolina flooded, but the 
deltas of the flooded rivers that once transported sediment to the sea remained above water 
(Schoenbaum 1988). This is the geomorphologic origins of the Outer Banks barrier islands, but 
their continued maintenance relies on regular storm events. Approximately 1,100 years ago a 
series of large storms struck the southern Outer Banks area causing a collapse of the simple 
barrier island system (Pilkey et al. 1998).  It took nearly six hundred years of continued storms 
and overwash to form what would become Ocracoke Island. At this time – around 500 years ago 
– the Outer Banks were a series of very shallow inlets that created thin lines of small 
disconnected simple barrier islands (Riggs et al. 2011).  It was not until around the early 1800s 
that the long continuous complex barrier island system with a few large inlets took shape (Riggs 
et al. 2011).  
A slow gradual rise in sea level coupled with seasonal hurricanes and nor’easters provide 
the islands with the influx of new sediment they need to maintain themselves (Frankenberg 
1995). The islands are anchored on ancient river levees and refueled with deposited sediments 
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stirred up during storm events. When storm events flood Ocracoke, the surges primarily deposit 
sediment on the sound side of the island, which slowly moves the island toward the mainland. 
The presence of artificial dunes impedes this process and works to erode the island on both the 
sound-side and ocean-side. Coastal geomorphological studies show that large-scale barrier island 
erosion on the Outer Banks is not a methodical and uniform process, rather it is determined by 
the fluxes and sequencing of large storm events (Riggs et al. 2011). To clarify, a lot of erosion 
occurs in storm events or a sequence of storm events with periods of less erosion occurring in 
years of minimal storm activity.   
Physical Vulnerability  
In the following section I provide an assessment of the material factors shaping exposure 
to hurricanes on Ocracoke.  The hazards of hurricanes include a mix of storm surges, coastal 
erosion, and high speed winds.  The maps and figures presented below display the geography of 
physical vulnerability on Ocracoke to coastal storms.  I later pair this traditional assessment of 
physical vulnerability within the context of changing historical conditions to reveal how local 
knowledge, preparedness, response, and recovery, has changed. 
The associated hazards of coastal storms include storm surges, coastal erosion, and high 
wind speeds. Hurricanes are an inevitable part of life on Ocracoke.  The average width of 
hurricane impact is 300 miles (NOAA).  Since 1851, 81 hurricanes and 112 tropical storms have 
passed within a 100 mile radius of Ocracoke (NOAA); an average of almost one hurricane every 
other year. These storms have been of various strength (see table 1). 
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Table 7. Hurricane occurrences on Ocracoke 
Storms within 100 miles of Ocracoke since 
1851 
Category Wind Speed 
Number of 
Storms 
TS < 74 mph 112 
1 74 - 95 mph 40 
2 96 - 110 mph 30 
3 111 - 130 mph 9 
4 131 - 155 mph 2 
5 > 155 mph 0 
 
High winds have the potential to cause serious damage to coastal areas.  According to the 
Saffir-Simpson hurricane scale, a category one storm can cause damage to mobile homes while 
uprooting trees and other shrubbery.  A category two storm can cause minor roofing and window 
damage to structures. A category three storm can cause structural damage to less protected 
buildings and destroy mobile homes. A category four storm can cause major damage to most 
structures and complete roof failure on less protected buildings. A category five storm can cause 
major destruction to most structures and buildings
13
. Since 1851, Ocracoke has only experienced 
eleven hurricanes with wind speeds capable of causing structural damage to small buildings and 
possible roof failure, and of these storms only two (1889 & 1933) actually made landfall on the 
Outer Banks (see figures below). 
 
 
 
 
 
                                                 
13
 All Saffir-Simpson wind damage assessments from NOAA.  
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Table 8. Storms greater than category 3 to come within 100 miles of Ocracoke. 
Storms Greater than Cat. 3 
Storm Category Year 
Emily 3 1993 
Belle 3 1976 
Helene 4 1958 
Ione 3 1955 
Edna 3 1954 
Able 4 1951 
Unnamed 3 1933 
Unnamed 3 1889 
Unnamed 3 1887 
Unnamed 3 1887 
Unnamed 3 1879 
  
 
 
Figure 24. Track and category of hurricanes category three or higher to come within one-hundred 
miles of Ocracoke since 1851.  The first hurricane of 1933 is also included as it is discussed later 
in the chapter. Data from NOAA.  
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Coupled with the threat of high wind speeds is rapid coastal erosion.  The USGS has 
collected scores of data concerned with hurricane-induced coastal erosion
14
. The resulting 
product of this data collection is a national assessment and dynamic model of hurricane induced 
coastal change hazards. This model – the USGS National Assessment of Coastal Change – 
considers three possible coastal change probabilities: collision, overwash, and inundation, to 
score coastal vulnerability to storms. Collision occurs when the dune is eroded by the storm 
surge. Overwash occurs when sand is transported over the dune system by the storm surge. 
Inundation occurs when the dune is entirely and continuously submerged by the storm surge.  
The threat of coastal erosion operates in tandem with the threat of flooding as a result of storm 
surges.  With an island-wide average elevation of less than one meter, the island is at risk to even 
a slight rise of ocean waters.  
Sand dune building on the national seashore has impacted the physical vulnerability of 
Ocracoke.  The degree to which the artificial dunes influence hurricane hazards can be assessed 
by comparing Ocracoke’s dune structure to Portsmouth Island (see figure 12 in chapter 3 and 
Table 9 below).  
 
 
 
 
 
 
                                                 
14
 All coastal erosion data from the USGS National Assessment of Coastal Change. 
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Table 9. Likelihood of hurricane hazards on Ocracoke and Portsmouth. Data: USGS.  
 
Ocracoke Portsmouth 
Average Dune Crest Elevation (meters) 4.3 2.9 
   Average Probability of Overwash Occurrence: 
Cat. 1  36.8% 88.2% 
Average Probability of Overwash Occurrence: 
Cat. 2 54.1% 97.5% 
Average Probability of Overwash Occurrence: 
Cat. 3  71.7% 99.3% 
   Average Predicted Storm Surge (meters): Cat. 1  1.4 1.6 
Average Predicted Storm Surge (meters): Cat. 2 1.9 2.3 
Average Predicted Storm Surge (meters): Cat. 3 2.5 2.8 
  
Dune elevation plays an important role in the exposure of each island to storm hazards. 
The height of the dunes directly influences storm surges and erosion. The map series below 
compares the probability of dune overwash on each island in the event of hurricanes categorized 
one through three. These maps reveal that the sand dune building initiatives on Ocracoke have 
decreased the probability of overwash during a hurricane.  A category 1 hurricane on Ocracoke 
has a 36.8% chance of producing an overwash event on the island, whereas on Portsmouth that 
probability increases to 88.2% (see table 9).  Those numbers increase dramatically in the event of 
a category 3 storm, with almost the entire island of Portsmouth projected to experience 
overwash.  
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Figure 25. Probability of overwash on Ocracoke and Portsmouth Islands during category 1 
hurricane 
 
Figure 26. Probability of overwash on Ocracoke and Portsmouth Islands during category 2 
hurricane 
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Figure 27. Probability of overwash on Ocracoke and Portsmouth Islands during category 3 
hurricane.   
 
Higher sand dunes also correspond to lesser degrees of storm surges as depicted in the 
series of maps below.  Each category of storm considered (1 through 3) has a 0.2 to 0.4 meter 
higher storm surge on Portsmouth than Ocracoke.  
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Figure 28. Projected storm surge heights on Ocracoke and Portsmouth Island during a category 1 
hurricane 
 
 
Figure 29. Projected storm surge heights on Ocracoke and Portsmouth Island during a category 1 
hurricane 
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Figures 30. Projected storm surge heights on Ocracoke and Portsmouth Island during a category 
3 hurricane 
 
 The data presented above depicts that Portsmouth Island is more exposed to the hazards 
of hurricanes than Ocracoke. The data show that the higher dunes have a direct negative 
relationship with overwash probability: as dune height increases the probability of overwash 
decreases.  The levels of storm surges on Portsmouth are also, on average, higher than on 
Ocracoke.  
This data provides evidence of how artificial sand dune building affects the material 
factors shaping exposure, but not necessarily vulnerability. Vulnerability, as mentioned, is 
measured by how the material factors of a hazard interface with the social configurations of 
place.  Since there are no human inhabitants of Portsmouth the increased risks are negligible.  On 
Ocracoke, the dune building practices have lessened the exposure of the island to hurricanes 
according to USGS estimates.  However, as discussed in chapter four, geomorphic studies 
indicate that erosion on Ocracoke is rapidly increasing from the obstruction of overwash events 
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(Riggs et al. 2011).  Thus, steps to protect the human population and beaches in the near term 
may have contradictory affects and increase vulnerability in the long term. 
Historical Conditions   
Thousands of years of hurricanes have given shape to Ocracoke as it is known today.  As 
the outer coast of North Carolina became more populated in the early 1800s, a clearer picture of 
the interface between hurricanes and the landscape developed. Living with hurricanes and 
documenting their destruction has gradually changed, providing important insight into the 
progression of vulnerability over time. Descriptions of hurricane damage provide insights into 
the changing temporal patterns of local sensitivity.  
Early accounts of hurricane destruction on Ocracoke detail the number of wrecked ships 
generated by the storm. The June storm of 1825 wrecked more than twenty ships on the beach of 
Ocracoke (Barnes 2000).  A sequence of three hurricanes that struck the coast between August 
and November of 1837 were also recorded by the sinking of multiple ships (Barnes 2000). In 
1842 the sequence of two hurricanes were documented by the sinking of “numerous ships” along 
the coast  and reports of large-scale livestock drowning and washed away homes on Ocracoke 
and Portsmouth (Barnes 2000).  As this account in 1842 indicates, the description of hurricane 
damage begins to transition from one of sunken ships to loss of food and dwelling. Perhaps not 
coincidently, humans on the island described the storm of 1842 as the most severe ever to strike 
Ocracoke, with the severity of the stormed measured in terms of hardships produced.  
 A wide and slow-moving hurricane made landfall on Ocracoke in early September of 
1846 with detailed accounts reporting dramatic sand movement, ship wrecks, and house 
destruction.  This hurricane was largely responsible for the shaping of Ocracoke as it is known 
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today.  It was this storm that created the Hatteras Inlet – the inlet that separates Ocracoke and 
Hatteras Island (Barnes 2000).  The area between Hatteras and Ocracoke was low-lying and 
prone to regular over-wash, but the hurricane of 1846 drastically deepened and widened the 
channel making it passable by ship.  Subsequent hurricane reports reveal an increasing attention 
to the damage to human structures and livelihoods.  For example, a hurricane in 1879, which 
produced the highest gusts of wind ever recorded in North Carolina (138 mph), caused Ocracoke 
to “suffer great destruction,” according to the local news reports (Barnes 2000; Hairr 2008).  The 
San Ciriaco hurricane of August 1899 struck Ocracoke with thirty foot waves with a storm tide 
that covered the entire island in five feet of water (Goerch 1956).  The Washington [NC] Gazette 
reported: 
 The whole island of Ocracoke is a complete wreck as a result of the fierce storm which 
 swept the entire coast of North Carolina, leaving ruin and disaster in its path… thirty-
 three homes were destroyed and two churches were wrecked. Practically every house on 
 the island was damaged to some extent.   
 Hundreds of livestock drowned and residents suffered due to a lack of water and food 
(Goerch 1956).  In 1933 another sequence of two large storms, a category 2 in late August and a 
category 3 in mid-September, produced island-wide flooding that destroyed homes and produced 
severe beach erosion.  In September of 1944 a hurricane again covered portions of the island in 
up to four feet of water; some residents of the Outer Banks refer to this hurricane as the worst 
ever (Barnes 2000; Hairr 2008). In 1955 Hurricane Ione eroded a series of artificial dunes on 
Ocracoke and Hatteras. During Hurricane Gloria in 1985 a majority of the population evacuated, 
leaving an estimated ninety people on the island during the course of the storm. Overwash along 
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the northern Outer Banks washed out portions of highway 12 and covered the highway at the 
northern section of Ocracoke in sand. Gloria marks an important transition in damage magnitude 
reporting on Ocracoke – damage to the off-island highway (Barnes 2000).   
 This brief history of notable hurricane damage reflects changes in descriptions of hazard 
events on Ocracoke; from erosion, to shipwrecks, to fishing nets lost, to houses damaged, to 
highways destroyed in other places. The hurricane accounts also changed as the political 
economy of Ocracoke shifted from a schooner village, to a fishing village, to a tourism village. 
The more recent hurricanes of Gloria 1985, Emily 1993, Dennis 1999, and Isabel 2003 produced 
high tide surges – and as detailed in the upcoming section containing resident interview 
responses –  are described in terms of the their destruction to highway 12 and tourist dollars lost. 
This was especially the case following Hurricane Irene (August 27, 2011) when the storm 
created two new inlets north of Hatteras village and cut short the Ocracoke tourist season in a 
similar fashion as Hurricane Isabel in 2003.  
Local Hurricane Knowledge  
 
Local knowledge regarding hurricanes involves varying concerns because residents 
recognize that they are able to produce unsafe conditions for themselves or others.  These 
discourses are engaged in by institutions and individuals, and offer insights into how a 
community understands and navigates the space of a hazard.  The following section compares 
examples of historical records of hurricanes and more recent accounts of hurricanes.  The 
purpose of the comparison is to increase our understanding of the temporal patterns of 
vulnerability, and how hurricanes of varying strengths impact the community differently in 
varying stages of development. 
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The hurricane of 1933 was one of only two hurricanes of category 3 or higher to make 
landfall near Ocracoke since 1851 (see table 1).  In the hurricane history mentioned above, this 
storm was so damaging because it made land fall only a few weeks after a category 1 storm had 
struck Ocracoke. This series of storms was responsible for wide-spread flooding, massive 
erosion, and the destruction of many homes. A small house built around 1900, nicknamed the 
Hurricane House, contained a written account of these hurricanes as experienced on the inside 
walls. These hurricane accounts are locally known as the “hurricane boards” (see below) and are 
believed to be written by Eleanor Mosher, a summer resident of the island (Village Craftsmen: 
Ocracoke Newsletter 2012).  The photographs below captured these hurricane accounts; 
photographs were collected from the Ocracoke Preservation Society (OPS).  Alongside each 
photograph is a transcription of the engraving.  
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HURRICANE 
Aug. 22-23, 1933 
Storm warning 6 P.M. Aug. 21 
N.E. wind all night. 
Barometer falling. 
Aug. 22 
Mail boat started to Atlantic,  
but returned. Inlet too rough. 
Strong N.E. wind until about 11 A.M. 
Walked to beach during lull in storm 
To view washed up “Victoria”, 
Wrecked 1925. Water knee-deep 
Between village and beach. 
Storm warning in afternoon. 
Barometer falling. Tide very high. 
5 P.M. water coming into yard. 
10 P.M. water to second step. 
Mid-night water to sills. 
Barometer 29.51 
Aug. 23 
3 A.M. wind shifted to N.W.,  
4 A.M. wind shifted to W. 
Barometer 29.06. 
8 A.M. wind shifted to S.W. 
Water dropping, barometer 
Rising.  
Major damage 
Front of Anderson cottage 
blown out. 
Lum Gaskill’s fish house 
washed out to sea. 
Gary Bragg’s dock gone. 
Pamlico Inn dock badly 
damaged. Dance hall at end 
of dock swept away. 
In the lake, the “Marie” badly 
damaged and sunk, the “Eleanor M.” 
slightly damaged.  
Bad mess at the government dock.  
Most small boats in the lake  
sunk or smashed up 
Debris all over the Island. 
    
 
 
 
 
 
Figure 31. Photo of hurricane board one. 
Photo from Dr. William V. Burlingame, 
mid-1970s. Photo courtesy of OPS.  
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HURRICANE  
Sept. 15-17 
1933 
Worst storm in memory of oldest 
living inhabitant. 
Wind estimated at Hatteras at 
122 m.p.h. Barometer fell to 28.28. 
lowest known locally. 
Saturday A.M., Sept 16, tide flooded island. 
Many people took refuge in light  
house. 
Water stood 7 inches above floor in  
this cottage. Porch torn off by wind 
and tide and demolished. Roof over 
cistern blown off. Fence swept away. 
Surf against front of house reached 
the eaves.  
In the lake, “Eleanor M.” run down 
by oil tanker, blown up on shore, 
stove in and sunk. Salvaged later. 
Capt. Ike’s freight boat beached a few yards 
from post office. Too badly damaged to  
salvage. Another schooner, the “Tucker,” 
lodged in cedars near John Gaskins home. 
Later broken up for fire-wood. Practically 
all small boats in the lake damaged. 
Many tore loose from stakes and were  
scattered all over the island.  
Worst damage to trees. 
Practically all cedars and many  
ancient live oaks were either up- 
rooted of killed by salt water.  
No lives lost on Ocracoke.  
Family left island Sept. 7. Reports 
Obtained from Islanders. 
Summer of 1934 spent repairing 
damage to house and boats.  
 
 
Figure 32. Photo of hurricane board two. 
Photo from Dr. William V. Burlingame, 
mid-1970s. Photo courtesy OPS. 
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The hurricane boards provide a glimpse of what it was like to experience a hurricane on 
Ocracoke in the 1930s.  With the advent of modern communications the experience of living 
through a hurricane has drastically changed. The continuous access to scientifically informed 
hurricane projections and announcements undoubtedly has changed the relationship that people 
have with these storms.  The following public announcements were made in 2011 during 
Hurricane Irene by the Hyde County emergency service council.  These announcements are 
considered in comparison to the hurricane boards as a means to illustrate the contemporary 
institutional characterization of the hurricane and the historical development of local sensitivity.  
On August 23, 2011 Hyde County issued a public advisory that as of August 24 a state of 
emergency would be declared for Ocracoke Island. Hurricane Irene, a category 3 storm with 115 
mph winds, was on a direct path to coastal North Carolina. Hyde County issued a mandatory 
evacuation for all visitors and residents by 5:00am August 25. Residents who remained on the 
island would forfeit the services and protection of the county. In spite of the evacuation order, 
approximately 350 people remained on the island. The Hyde County emergency council 
broadcast (via the internet, radio, television, and other media) issued regular public advisory 
announcements throughout the entire storm period.  The end of the first public advisory 
announcement states, “As seen in the past, hurricanes are unpredictable and can change with 
little notice. Residents and visitors need to remain vigilant and not let your guard down (Hyde 
County Public Advisory #1, August 23, 2011).”   
A second public advisory further explains the implications of a mandatory evacuation:  
A mandatory evacuation does not require or enforce leaving the area, but once gale force 
winds start, county services are dependent on the weather and not guaranteed. A 
mandatory evacuation is issued when projected storm conditions are predicted to cause 
the interruption of public safety response, loss of utilities, closure of roads from high 
winds/water, and threaten the safety of the population in the path of the storm. 
Mandatory Evacuations are issued for your safety. You should leave as quickly as 
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practical upon hearing the evacuation order (Hyde County Public Advisory #2, August 
24, 2011).   
 
Public advisory number three declared that during the state of emergency alcohol sales 
and firearm possession would be restricted until further notice. A county- wide curfew was 
enacted from 10pm to 6am. The airspace over Ocracoke closed as of August 26 at 8:00am (Hyde 
County Public Advisory #3, August 24, 2011). The National Park Service closed the beaches. 
Advisories also contained information regarding medical services, shelter information, and 
emergency contacts. The third public advisory ended on the following note:  
We encourage everyone to heed these evacuation orders. Leave promptly since ferry 
service and passable road conditions are not guaranteed. Hyde County safety services 
will cease after winds reach 50 mph sustained. Anyone that does not heed the Evacuation 
Order must recognize that Public Safety (fire, police, EMS) may not be available. 
Utilities (power, water, telephone) could be damaged and not available for extended 
periods of time and high winds and water could isolate them for long periods of time. 
 
On August 25, Public Advisory #4 begins with: “Hurricane Irene is a category 3 
hurricane with 115 mph winds on a direct path to coastal North Carolina. A hurricane watch is 
in effect for Hyde County and the coast of North Carolina. The potential storm surge for this 
area is life-threatening.” The advisory adds that there are no designated safe shelters on 
Ocracoke and that the ferries will stop running on the morning of August 26. On the evening of 
August 25 Public Advisory #5 states: “Do not focus only on the track of the center of the storm. 
Significant impacts are expected well away from the center track. If you are in a low-lying or 
flood-prone area, make arrangements to evacuate immediately.”  
Even in the face of such graphic warnings, roughly a third of island residents were still 
resistant to evacuation.  While conducting interviews with residents I found that the reasoning is 
both logistical and ideological. Logistically, reentering the island can be difficult.  Reentry has 
been known to take days, and sometimes weeks, while the county works to restore infrastructure. 
181 
Residents fear leaving the island due to the associated costs of living away from home for 
prolonged periods of time (hotels, food, etc.), being stuck in a mainland public shelter, or fear 
that minor damage to their home could be exacerbated if not addressed in a timely manner (e.g. a 
leaky roof).  As local resident Captain Bert explains: 
The real danger is, and I understand why they do it, is when that first ferry runs to come 
back they ought to allow people to come back that live here. Because that is impacting 
people’s decision to leave next time. I’m not leaving because I can’t get back. I’ve heard 
that from people, and I’ve felt that way. I wanted to get home.    
 
In the local community’s knowledge, there is not an instance in recent history where a truly 
devastating hurricane (Category 3 or higher) has hit the island.  This generational memory gap 
has been showcased in other hazards research (Colten and Sumpter 2009) and was also 
observable on Ocracoke.  John, an island land owner since 1961, states:  
Ocracoke has been here for a long time and there has never been a fatality from a 
hurricane, there are inconveniences, electric power are out, and I suppose that because of 
that it might be after a few days that the water would be out too, although we have not 
experienced a lack of water from a storm.           
The local hurricane knowledge holds that risks are low. There is a certain type of familiarity with 
hurricanes as elucidated by experienced locals. A local logic progresses as follows: Ocracoke has 
been here for a long time, so has my family, so will I.  When asked why some multi-generational 
islanders refuse to evacuate for a storm Archie states: 
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Maybe it’s because we are used to it. We go through this. I’ve caught flounder in the 
front yard [during a hurricane]. [During Hurricane Irene] I stayed right here. Kept up, and 
watched the yard. It’s what everybody does.  
 
Hurricane Irene made landfall near Cape Lookout (approximately 50 miles southwest of 
Ocracoke) as a category 1 with 75 mph sustained winds on the morning of August 27.  There 
were widespread power outage reports along coastal North Carolina; Hyde County was 
completely without power. Public Advisory #7 reported downed power lines, fallen trees, and 
several roads were impassable. As of 9:00am August 28, there was absolutely no entry to 
Ocracoke.  On August 29 essential personnel were allowed to enter Ocracoke, but not residents 
or visitors (Hyde County Public Advisory # 9). On August 30 residents that evacuated were 
allowed to reenter Ocracoke (Hyde County Public Advisory #10).  A generator on Ocracoke 
began providing intermediate power in rolling two hour waves throughout the day with no power 
at night. On August 31 Public Advisory #12 stated, “Ocracoke residents, please be conservative 
with water and electricity consumption. Resources are limited until full power is restored. Limit 
your electricity usage during peak times (8am-8pm). Turn off all unnecessary lights, set air 
conditioners to the highest comfortable setting, curtail use of or turn off major appliances during 
PEAK TIMES. Please limit you water to personal consumption.” The NPS opened three miles of 
public beach.  
On September 1 Hyde County was declared a Presidential Disaster Area eligible for 
FEMA assistance; restrictions on curfew, alcohol sales, and firearm possession were also lifted 
(Hyde County Public Advisory #13).  On September 3, one full week after the hurricane, reentry 
for non-resident property owners was permitted, highway 12 on Ocracoke opened, and energy 
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was still completely reliant on generator power (Hyde County Public Advisory #17). On 
September 7, the state of emergency declaration for Hyde County and Ocracoke was lifted and 
non-residents were allowed to enter Ocracoke via the sound side ferries (Hyde County Public 
Advisory #18).  
 Consider the prevalence of which the material factors shaping hazard exposure (wind, 
flood, and erosion) of a hurricane are mentioned in each account: the hurricanes of 1933 and 
Hurricane Irene of 2011. The barometer readings are frequently mentioned in the hurricane 
boards, and wind speeds are also a point of focus in the Hyde County advisories.  From the 
boards the wind speed of the second hurricane was estimated at 122 mph, and records a lowest 
known level of atmospheric pressure. The porch of the hurricane house and the roof of the 
cistern were completely blown off.  The Hyde County advisories use the instance of gale force 
winds (39-54 mph) as a moment for marking a forfeiture of county services.  Hurricane Irene 
made landfall fifty miles south of Ocracoke, and with significantly less wind speed than the 
second hurricane of 1933 (75mph compared to 122mph).  Wind damage to structures following 
Hurricane Irene were minimal – only one house experienced significant roof damage – whereas 
during the 1933 storm, the higher winds caused substantial structural damage. 
Erosion is not explicitly mentioned in the hurricane boards.  Erosion does not elicit the 
immediate threat of destruction as surges of wind and water do, but is simply the result of land 
movement from furious wind and water.  The Hyde County advisories warn about possible 
closures to highway 12 resulting from possible overwash caused from storm surges. Storm 
surges, or flooding, are prevalent in both accounts of the hurricanes.  The hurricane boards 
mention multiple buildings and structures being swept away from rising waters.  The Hyde 
County advisories warn that the potential storm surge of Irene was life-threatening, especially in 
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areas of low elevation.  The anticipated storm surge of Irene did not materialize on Ocracoke, but 
was pushed further up the banks.  The timing of Hurricane Irene coincided with low tide, 
meaning that the tide went out immediately prior to the storm, and took longer than usual to rise 
to regular levels.  
If the Ocracoke of today experienced the storm depicted in the 1933 hurricane boards, the 
damage would be exponentially worse. The housing density of today’s Ocracoke would increase 
the accumulation of dangerous and quick-moving debris.  Perhaps newer structurally sound 
building practices would limit this debris flow. Addressing issues of how increased density will 
fare during a category 3 hurricane is vital for assessing the nature of vulnerability on Ocracoke.   
Prior to emergency service councils and up-to-date advisory systems, Ocracokers had 
their own ways of anticipating hurricanes. Arguably, these past practices of hurricane predicting 
require a more intimate relationship with your surroundings.  In an interview conducted by the 
NPS in 1974 as part of a CAHA oral history project, Ocracoke lifelong resident Tony Thurston 
Gaskill discussed how to predict a storm before instant communication networks existed: 
Well, before there was much communication compared with today, people living along 
this area, instinct sorta tells you that there’s a hurricane in the making, sometimes several 
days before it actually hits or if it goes by. For instance, it might start from the ocean 
blowing 15, 20, 25, 30 miles an hour southeast, and then if it has a tendency to switch 
towards the southwest and clear, meaning it’s going in a clockwise direction, which 
would continue on around and clear, and we never get as much water as we would if it go 
the other way around the northeast and then build up a lot of water on the west side of 
Pamlico Sound, and then suddenly shifts into the northwest, then that’s when you get 
your great high water, so to speak, along the Outer Banks. Especially if it happens to shift 
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or hit at a so-called rising or near-high water stage. Now if it happens to hit when it’s 
going out, say half-ebb, it relieves it. So, that can make a lot of difference in your 
damage.  (Interview date: April 23, 1974)  
 
Although hurricanes are not physically experienced everyday they tend to have long-
lasting social ramifications that pervade everyday life, lingering in the minds of residents all year 
long.  People arrange their construction plans, employment, and personal financial patterns 
around hurricane season. Today, talk of hurricane-related highway damage and filled-in ferry 
channels, or financial issues centered on a fear of absent tourists, is commonplace.  As Wisner et 
al. (2004, 4) state, “analyzing disasters themselves also allows us to show why they should not 
be segregated from everyday living, and to show how the risks involved in disasters must be 
connected with the vulnerability created for many people through their normal existence.”  
Interviews with Ocracoke residents and persistent participant observation reveal the 
connection between everyday life and hurricane-related vulnerability. Most notably, Ocracoke 
residents express much concern over the possibility of hurricane damage to highway 12, the 
lifeline of tourist dollars to Ocracoke, but few voiced fear over the loss of human life.  Longtime 
residents often brag that they do not evacuate for hurricanes, even during a mandatory 
evacuation.  Within the present-day community memory, there is no point of reference for a 
devastating storm, and especially not a storm completely destroying the built environment of 
Ocracoke in its current form.  While stories of devastating hurricanes in the early twentieth 
century do exist, the human infrastructure was so minimal at this time (e.g. reports of damaged 
boats, or widespread flooding) that these natural disasters do not appear to be the disastrous 
events that they undoubtedly were (as depicted in the Hurricane Boards). Hurricanes of recent 
memory (e.g. Alex, Isabel) are cited as examples of economic concern: cars were flooded; 
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highway 12 along the beach was washed out.  It was very rare to have a conversation with an 
Ocracoke resident about hurricanes without mention of destruction to highway 12; the two 
events are synonymous.  Damage to the physical infrastructure has been minor over the last four 
to five decades during the era of the post-water-development boom.  
In interviews with local residents I posed questions regarding their past storm 
experiences, thoughts on living with hurricanes, and their thoughts on vulnerabilities to storm 
events. The proclaimed uniqueness of Ocracoke does not stop at descriptions of its culture, but is 
also present in descriptions of its geographical orientation.  Some Ocracoke residents think that 
the special geographical orientation of Ocracoke relative to other Outer Banks islands saves the 
island from the worst of the low-pressure tropical storms rising from the south.  As Archie, a 
multi-generational resident and local business owner describes: 
Hatteras, Rodanthe, and Salvo get it worse than we get it. But the reason they got it is the 
way they’re shaped on the map. I can use my cane to show you this, this here will be 
Salvo, Rodanthe, Avon, in one straight stretch, that’s Buxton, then comes this way 
Hatteras and Ocracoke. And all that water that went across the [Pamlico] sound was 
coming back and this was coming that way. The wind was pushing it right across. If the 
wind would have changed direction we would have got it, but it didn’t change as much as 
they thought it was going to. 
What Archie, along with others, is referring to is the northeast to southwest orientation of 
Ocracoke Island compared to the rest of the Outer Banks (see the NE to SW orientation of 
Ocracoke compared to the N to S orientation of Hatteras in Figure 1).  This type of local 
knowledge or geographic myth is not unusual, but it can work against people should a category 3 
storm make landfall.  
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As a hurricane approaches the Outer Banks from the south or southeast it creates a surge 
of flood waters on the mainland which subsequently leads to a tidal back surge as the mass of 
waters moves back towards the ocean.  It is the back surge that has led to the recent inlet 
creations on Hatteras Island.  The back surges, as pushed by the influencing southwest winds, 
move parallel in relation to Ocracoke, but encounter the northern section of Hatters Island (the 
Rodanthe, Waves, Salvo area) in a more perpendicular angle that arguably leads to more frequent 
inlet blowouts.  In the 1974 NPS interview with Tony Thurston Gaskill, he also alludes to 
Ocracoke’s infrequency of severe storms:  
 I’m seventy years old, seventy-two, will be, trying to cheat a little bit. Seventy-two, will 
be in September. And there have probably been sort of ten or twelve storms worth 
noticing, I mean that were quite severe in that length of time. I’m glad all of them don’t 
hit us, because most of them go off-shore. I’ve often wondered why more storms don’t 
hit this area, but they just seem to pass us by, a lot of them. And, of course, we’ve learned 
to live with them and don’t dread them anything. (Interview Date: April 23, 1974)  
 
Alongside the claims of geographic hurricane immunity there is the more obvious 
observation: all hurricanes are different. Each hurricane is physically different and thus 
experienced differently. In interviews following Hurricane Irene, residents often focused on what 
made the storm different from previous storms.  
It [Hurricane Irene] seemed more sustained winds, they beat us quite a bit, and the fact 
that appeared to be one that was going to bring us more flooding, but the wall of water 
got pushed over and up. That was a surprise, but hurricanes are all different, and they 
have surprises.  (James, 11/11/2011) 
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As far as big, it [Hurricane Irene] was big around. Some people when they think about 
big they think about bad, and they think about it as high wind. It wasn’t high wind. It was 
big around. And the only thing really, and the really strange thing about this hurricane, is 
usually after the eye passes most every hurricane it don’t take long ‘til it’s over, because 
the backside of the hurricane is not very strong. Usually it’s the front part facing that is 
strong. This was unusual; this was just as strong in the back. I think not too long before it 
actually stopped it was clocked at 95 mph winds. Then it took forever, I mean the eye 
was up in Virginia and we were still like it never left, which was really unusual, because 
most of the time when the eye passes it doesn’t take long to go over, but it didn’t do that, 
it kept blowing and kept blowing and kept blowing.  (Archie, 9/20/2011) 
 
I was extremely shocked we had no tide. I couldn’t believe it. I kept waiting and waiting. 
I tell my husband its coming, I just have this feeling and when it comes it’s going to be a 
really high ride. A really big flood. And I kept waiting, and see then it went out there to 
the edge and I saw that wind change and that changed direction and it took it right on up. 
I mean every storm is different. Every storm has some different parable about it and when 
we talk about being prepared we can be as prepared as we can, but every storm is going 
to be have something different in it.  (Kelly, 11/10/2011 ) 
 
Each storm does have a different community memory, and the memory lingers long after 
the storm has passed. Hurricane Isabel (2003) made landfall at Hatteras Island as a category two 
storm and much like Irene, created two new inlets on September 18.  Residents often cite the 
later impact date of Isabel on September 18, compared to August 27 of Irene, as a reason for 
fewer losses to the Ocracoke tourism industry.  Hurricane Alex (2004) was a surprising early-
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season category two hurricane that flooded five-hundred vehicles on the island.  Hurricane 
Gloria (1985), a category two hurricane that made landfall on Hatteras Island marked the 
beginning of large-scale mandatory evacuations along the Outer Banks. Gloria was also 
responsible for producing more physical damage to Ocracoke. Eric, a multi-generational islander 
and the head NPS ranger on Ocracoke, explains: 
Hurricane Gloria, to me, was more devastating than Isabel or Irene. For the fact that this 
island sunk, houses among houses around here. The tide went in too, because we had a 
big tide in Hurricane Gloria. I recall having pictures of houses and stuff that Gloria did to 
this island. A lot of damage, a lot of wind damage, a lot of tide damage.   
 
The damage to houses caused by Hurricane Gloria and the damage to vehicles caused by 
Hurricane Alex were the only two storms where destruction on Ocracoke was discussed. Other 
storms of the last thirty years are mostly recounted in terms of their damage to the off-island 
section of Highway 12 – the lifeline of tourist dollars. When asked what she viewed as the 
biggest threat to the Ocracoke way of life, Bonnie, a local business owner, stated: “My biggest 
fear is any interruption of the lifeline that I call route 12.”  That fear became a reality when 
Highway 12 to Ocracoke was closed from August 27, 2011 to October 10, 2011. Since 1991 an 
average of 88,875 people visited Ocracoke in September from the Hatteras-Ocracoke ferry (NC 
Division of Ferries); representing a significant loss of tourist dollars.  In regards to this loss of 
visitation Captain Bert said, “Obviously anything that disrupts the infrastructure that it takes to 
get here is going to have an impact. You can’t control Mother Nature.” 
Although business owners are quick to point to the financial hardships of a post-hurricane 
landscape, there is another more muted discourse that emphasizes the potential physical 
destruction of a hurricane. As Eric says, “It’s going to take the right one here and it’s going to 
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level this place. Hey, a hurricane five would put a hurting on this place big time.” When asked 
what the biggest threat to the Ocracoke way of life was, Stanley, a native and local commercial 
fishing advocate, also stated hurricanes, but not in terms of economic hardships produced: 
These coastal places could be wiped out by a great storm, and we’ve seen that. Once you 
come back in certain places this has happen. Might even be gone like in Louisiana, some 
of the islands down there aren’t there anymore. So if you get the right category storm this 
could be very bad because we have so much buildup, and there would be so much debris. 
I think at certain places, I mean in 1944 it was tore up, but there wasn’t that much here 
anyways. So going back to all those other storms… it would be very difficult for a while. 
(7/8/2011) 
 
The physical impacts of hurricanes are not as prevalent as discussions of the 
socioeconomic impacts. Perhaps it is not worthwhile to ruminate on worst-case scenarios when 
people can discuss the different ways to adjust the built environment to better deal with 
environmental phenomenon.   It appears that the differences in hurricane concerns stem from the 
claim that nothing humans do can stop hurricanes from happening.  For example, an anonymous 
survey response from a fifty-year old male resident of twenty-two years states:   
Tides, storms, and hurricanes have occurred since the beginning of earth. They are 
natural and ever change/move sand on an island like Ocracoke. Man cannot prevent 
nature’s course and more government regulation will have zero impact. 
In a discussion with island native Eric regarding the way people frame social and environmental 
problems on Ocracoke he states:   
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That’s a perfect example of thirty-six years of dealing with that north end. They are not 
going to keep those dunes there because that is a very weak area there and when Mother 
Nature comes it’s going to wash over. And that’s just part of it. That’s like South Point, 
when I grew up there was nothing but big hills all the way. And look, it’s a barren beach 
now.  
This interesting response from Eric is an example of how understandings of 
socioenvironmental change influence Ocracoke residents. It highlights the importance of NPS 
dune-building activities on local understanding of environmental change on Ocracoke.  As 
discussed earlier, when the CCC built sand dunes along the entire coastline of Ocracoke to battle 
coastal erosion, it actually led to an overall increase in island erosion.  As evidenced in the 
geomorphic history of Ocracoke, inlet creation is an important process in barrier island systems.  
The overwash of dunes on the North End is not the result of “Mother Nature“ but is the result of 
building sand dunes there. Put simply, “Mother Nature” could not have washed away the sand 
dunes if they were not built there.  
Following Irene, a breach on the north end of the island flattened a section of the dunes 
and covered portions of highway 12.  There was also extensive damage to the dune system and 
highway on Hatteras Island as two new inlets were created; one inlet was filled-in and another 
was traversed with a temporary military bridge which is still in use as of March, 2014. A 
majority of interview responses about hurricanes focused on how the storms impact individual 
socioeconomic well-being.  Social concerns after Irene focused on rebuilding highway 12 and 
clearing dunes to restore tourist access.  Economic security for the majority of island residents 
relies on the ability of tourists to travel to Ocracoke. Therefore, when considering the 
vulnerability of Ocracoke it becomes increasingly difficult to separate individual concerns of the 
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material factors shaping exposure from individual concerns of economic security.  
Socioeconomic well-being is a vital aspect of Ocracokers sensitivity to a hazard.   
The duration of infrastructure repair following Hurricane Irene is key to determining the 
socioeconomic impacts of the storm. Highway 12 was cleared on Ocracoke within two weeks, 
and the highway on Hatteras Island was restored within forty-four days.  The overwash 
associated with the hurricane also destroyed the power lines that connect Ocracoke to the electric 
grid.  For ten days following the storm Ocracoke relied entirely on a gas-powered generator 
operating on a rolling schedule throughout three different zones on the island, providing 
residents with two hours of electricity followed by four hours of no electricity between the hours 
of 8am and 8pm. Although visitors could technically reach Ocracoke via the Swan Quarter or 
Cedar Island ferries from the mainland (and since 1991 an average of 11,908 people did visit 
Ocracoke via these routes in September) during this ten day stretch they were restricted from 
doing so  because the island’s electric system was straining to provide enough electricity for the 
residents. James, a multi-generational islander, and local author, explains:  
We couldn’t bring people back on generator, that’s as crippling as the road and access. If 
you have power to accommodate people we can get them in via Cedar Island and Swan 
Quarter. You don’t have to be as dependent on Highway 12.  I think there will still be a 
tourism economy, regardless of what happens to Highway 12. We could almost have 
enough through the other ferries if they were running an advanced schedule that went on 
into the night like it was during Irene. Things could work that way. I think the tourism 
economy is here, it may not be booming, but enough to sustain the businesses that are 
here. 
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As mentioned earlier, a major concern of residents, and a reason why a majority of 
residents no longer evacuate, is due to the difficulties involved with reentry to the island after the 
storms has passed. Residents fear that if they evacuate for a storm it could be weeks until they 
are able to return to assess the damage of their homes – a scenario that played out in the weeks 
following Hurricane Isabel (2003) and Hurricane Earl (2010). As Eric explains: 
I think the preparation was good. I think the local advisory board [Emergency Service 
Council] did what they were supposed to do this time. I think one of the issues that we 
always have is reentry. I think they learned from it. I think we all learned from it. The 
way it was handled, and the best thing about Ocracoke is that advisory board. That 
advisory board keeps the community updated on what’s going on. They do not have an 
advisory board in Hyde County mainland. So I think the whole preparation thing, I even 
think that the post-Irene clean up, getting everything back to normal, getting ferries back 
on everything, I think that went very well. And so I was very pleased, I think they learned 
from the past, and I’ve been on that board for about five to six years and I think they’ve 
definitely almost got it together. 
 
The reentry system was improved after Hurricane Earl (2010) with a series of vehicle 
tags that designated emergency services, year-long residents, and off island property owners. The 
Ocracoke emergency service council also improved the enforcement of the reentry system in the 
aftermath of Irene by increasing the communication between the county, police enforcement, and 
the ferry division to ensure that the tag system was being fairly enforced. The ability to promptly 
evacuate and return residents to the island after a hurricane is one way to improve coping 
capacity – avoidance of the hazard as a coping mechanism.  If the inefficiency of reentry is 
keeping residents from evacuating then the practice of a very efficient evacuation/reentry system 
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could potentially save hundreds of lives. However, this coping ability does not apply to residents 
who do not evacuate because of a sense of familiarity with hurricanes. 
There are plans in the preliminary stages that could decrease the sensitivity of the 
transportation infrastructure to hurricanes. In discussions with the project planning engineer of 
highway 12 for the North Carolina Department of Transportation (NCDOT) regarding the future 
maintenance of the highway she explained that they are aware of the long-term instability of 
maintaining a roadway on a dynamic barrier island of sand
15
. They have identified the following 
areas as ‘hot spots’ for future overwash and highway destruction, see Figure 33.  
 
Figure 33. Map of overwash hot spots (Source: NCDOT). 
To address these hot spots they have suggested multiple strategies to protect the highway 
from regular overwash, including a long-term beach nourishment program, the construction of 
                                                 
15
 Interviewed at the NCDOT Hurricane Irene/NC12 Breach community workshop at the Ocracoke Community 
Center on January 5, 2012.  
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new dunes, relocating the road, or building a bridge. The least sensitive option in terms of the 
roadways ability to absorb hazards of a hurricane is a proposed elevated roadway. The proposed 
road system would include an elevated roadway removed from the near-ocean-shore working in 
combination with an expanded ferry service. An elevated road-system to secure a tourism 
industry is not a novel strategy (e.g. the Florida Keys). These may seem like economically and 
politically difficult suggestions, but they are actively discussed possibilities.  On January 5, 2012 
a community outreach workshop organized by NCDOT presented multiple scenarios for the 
future of highway 12.  Of the dozens of possible management plans one included a section of 
elevated roadway that rises over the soundside of Hatteras Island north of Rodanthe (this is the 
location of Inlet 1 created during Hurricane Irene).  See the proposed NCDOT plan below, 
Figure 12: 
 
Figure 34: Proposed elevated highway on Hatteras Island (Source: NCDOT).  
The elevated bridge option is arguably the most robust option in regards to withstanding 
the hazards of wind, flooding, and erosion, but it is also likely to be the most expensive 
(estimated at 114 to 240 million dollars) (NCDOT internal document, 2012). However, 
geoengineering projects have been cited for their ability to exacerbate environmental degradation 
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while increasing vulnerability (a la White et al. 1975). In an exploratory investigation by 
NCDOT potential negative impacts of the elevated roadway were identified: visual intrusion of 
the landscape, adverse impacts on existing dikes and ponds, and access to certain sound side 
refuges would be lost.  The report also declares that a series of elevated roadways would 
eliminate the need to temporarily bridge or fill-in future breaches. 
The built environment and the infrastructure network that Ocracoke has come to rely on 
intersect with a variety of physical modifications of an already dynamic island physical 
geography. The geomorphology of the landscape is operating on a much different time-scale than 
the social processes unfolding on the Outer Banks. The physical island is maintained by a long 
history of storms providing sand to build-up the landmass. The probability of a storm with winds 
capable of completely destroying buildings is rare if considered within the recent history of 
hurricane documenting; with only two category 3 or higher storms making landfall near 
Ocracoke since 1851. However, when considered within the 1,100 year history of the Outer 
Banks as a simple barrier island system that has gone through several major storm periods of 
dramatic landmass rearrangement the ability of Ocracoke as a place to survive such a storm 
seems equally as rare. How people understand, live, and navigate the space of a hazard provides 
insights into how people might respond if the hazard increased in severity or frequency.  Two 
temporally distant accounts of how the community anticipates, experiences, and rebuilds, 
following a hurricane have displayed the always present risk of living with hurricanes.   
Different Vulnerabilities for Different People  
Different people on Ocracoke experience varying degrees of vulnerability.  Throughout 
this dissertation the reliance on the tourism industry has been categorized as a root cause of 
vulnerability to coastal hazards.  However, not all island residents’ financial security is directly 
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hinged on tourism.  A report from Saltwater Connections – a community development program 
for unincorporated rural coastal Carolina places – lists that Ocracoke’s most common economic 
industries are accommodation and food services (50%); arts, entertainment, and recreation 
(30%); and education services (19%) (Saltwater Connections internal document, 2011).  The 
report also states that most employment during the winter months is in construction, but does not 
provide a numerical value for this statement. A housing analysis conducted by the Ocracoke 
Foundation counted the number of people in what they termed “essential services”, and the 
results of that survey are listed in the table below. 
Table 10.  Essential service employment on Ocracoke.  
Non-Tourism Employment # of people 
Ocracoke Health Center 6 
Tideland EMC (electric utility) 5 
Ferry Division 28 
School 26 
Police 5 
Childcare  10 
Water and Sanitary  5 
 
Although these island residents are not directly affected by the tourism industry, they can be 
indirectly affected. For example, more people visiting the island require more ferry personnel, or 
more people working in the service industry equates to more families living on the island which 
requires more school services. The same could be said for NPS employees. As of 2014, the NPS 
has 9 permanent year-round employees, and 11 seasonal employees. 
Another group of people not directly impacted by the tourism industry is the retired 
population. The 2012 US Census community survey estimates that 78 island residents (8% of the 
population) are living on retirement income and 106 island residents (11% of the population) are 
collecting social security.  I suspect there is some overlap in these categorizations. Fifty of the 
202 respondents to my social survey identified themselves as retired; counting for nearly 25% of 
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the responses.  Throughout my field work I found that retirees were often just as concerned about 
issues of sustaining the tourism trade as those directly engaged in the business. A small number 
of retirees have an additional house or apartment that they rent to tourists or seasonal employees. 
In most instances retirees are concerned about the overall well-being of the community, so even 
if they are not making income from tourism they still share concerns over the socio-economic 
well-being of their community. Retirees are also vulnerable to disruptions of critical lifelines like 
ferry and transportation routes in the aftermath of a hurricane due to regular medical 
appointments and prescription pick-ups. One of the first actions of the emergency service council 
after Hurricane Irene was to assure the delivery of pharmaceuticals from the mainland to elderly 
Ocracoke residents. People would sometimes comment that the lack of medical services on 
Ocracoke has actually hindered the number or retirees from settling on the island in comparison 
with other resort-type places.  
A 2011 U.S. Census NAICS (North American Industry Classification System) report 
documents the number of business establishments and employees on Ocracoke (see the table 
below).  This data documents that most employment on the island is within the retail trade, real 
estate, rental, and leasing, and accommodation and food service.   
Table 11. Employment counts by business establishment 
Business Establishments 
      
  
Number of Establishments by 
Employment-size class 
Type 
Total 
Establishments 1 to 4 4 to 9 
10 to 
19 
20 to 
49 
50 to 
99 
Utilities 1 0 1 0 0 0 
Construction 8 8 0 0 0 0 
Manufacturing 1 1 0 0 0 0 
Wholesale trade 1 1 0 0 0 0 
Retail trade 24 23 0 1 0 0 
Transportation and 
Warehousing 2 2 0 0 0 0 
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Information 2 2 0 0 0 0 
Finance and Insurance 1 0 1 0 0 0 
Real estate, rental, leasing 4 3 0 0 0 1 
Health Care, social 
assistance 3 1 2 0 0 0 
Arts, entertainment, 
recreation 2 2 0 0 0 0 
Accommodation and food 
service 23 13 2 7 1 0 
Other services 3 3 0 0 0 0 
Total for all sectors 75 59 6 8 1 1 
 
These data does not account for commercial fishermen.  The Saltwater Connections 
report stated there were 59 commercial fishing licenses on Ocracoke (Saltwater Connections 
internal document, 2011).  However, I worked at the Ocracoke Fish House as a paid employee 
from September 2011 to November 2011 and was told there were about 30 commercial fishing 
licenses on Ocracoke.  The commercial fishing industry of the Outer Banks has been on the 
economic downturn since the early 1990s (West and Garrity-Blake 2003).  A hurricane 
negatively impacts commercial fishermen in multiple ways.  The commercial fishing on 
Ocracoke operates by setting up gill nets, or pound nets, in the Pamlico Sound. Fishermen place 
dozens of long 100-yard nets with weights on the bottom and buoys on the top throughout the 
sound, as fish swim through these nets their gills get caught.  In the mornings, fishermen pull the 
nets up at the buoy and remove the caught fish. I conducted one of my interviews with a 
commercial fisherman while accompanying him on one of these early morning net checks.  
Fishermen will remove the nets in preparation for a storm, but putting them out again takes 
additional labor time.  Also, after a storm, the fishing populations and routes are disrupted, and in 
a state of emergency the waters surrounding the island are off-limits to commercial and 
recreation vessels. Furthermore, the fish market for the fishermen is local restaurants. If 
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restaurants close early for the tourist season because of a hurricane the market for fresh fish 
drops off substantially.  
Another group of Ocracoke residents that face a different set of vulnerable conditions is 
the local Mexican community. Between 1990 and 2000 North Carolina experienced the largest 
percent growth of immigrant population in any state, with a 274% increase (Migration Policy 
Institute 2014).  The Hispanic population is continuing to increase, in 2000 Hispanics accounted 
for only 4.71% of the North Carolina population, and 8.6% of the North Carolina population in 
2011 (US Census). On Ocracoke, Hispanics account for 19% of the total population. In Hyde 
County, in 2004, Hispanics had a $1,985,000 positive economic impact (Kasarda and Johnson 
2006). Between 1995 and 2004, 45% of Hispanics living in North Carolina were undocumented 
(Kasarda and Johnson 2006).  
The Saltwater Connections report also stated that a third of the local school enrollment is 
of Mexican-American students (Saltwater Connections internal document, 2011).  For consisting 
of such a large part of the population, I was disappointed that I only received two surveys from 
respondents identifying as Hispanic (or 0.9% of returned surveys).  Throughout my participant 
observation tasks no one from the local Mexican community was present. The Saltwater 
Connections report also mentions the lack of community involvement from the local Mexican 
community. I attempted to interview two Mexican-American residents on multiple occasions, 
with both later deciding that they did not want to participate.   
The local Mexican population also encounters a type of political vulnerability not 
experienced by other Ocracokers.  As part of the post-9/11 anti-terrorist political movement the 
Maritime Transportation Security Act (MTSA) was enacted on November 25, 2002 “to protect 
the nation’s ports and waterways from a terrorist attack.”  This act required the NC Ferry 
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Division to post one homeland security officer at each ferry dock.  This officer does random 
identification checks to vehicles entering and exiting Ocracoke. Personally, my identification has 
been checked more often than not. A consequence of identification check-points is the pressure 
produced for undocumented persons (Kanstroom 2004).  In the event of a mandatory hurricane 
evacuation an undocumented person might reconsider evacuating based on the tightened scrutiny 
of the re-entry process.  The complications of coming to, and leaving the island increases the 
exposure of this population. The vulnerabilities produced by island access are further 
compounded by issues of federal assistance applicability. Undocumented immigrants across the 
United States are unable or uneasy applying for federal assistance in the aftermath of a disaster, 
which further complicates the recovery process (Bolin and Stanford 1998).  Receiving FEMA 
assistance entails filling out paperwork that requires a social security number, federal tax 
information, and other personal identification information. Undocumented people living in the 
United States are less likely to fill out such information, and are therefore more exposed to 
hazards, as a potential coping mechanism becomes inaccessible.   
Conclusion  
 Through the triangulation of multiple data sources I identified important themes that are 
constructed as inputs in the PAR model. From persistent participant observation I was able to 
provide a thick description of how residents experienced Hurricane Irene. Data collected from 
interviews and the survey revealed insights into local knowledge regarding hurricane. 
Specifically, that the consequences of hurricanes are in the hands of “mother nature” and that the 
geographical orientation of the island reduces the islands risk to hurricanes.  The review of 
historical documents and photographs provided examples of the evolving interface of humans 
and hurricanes.  Biophysical data represented in GIS provides scenarios of how the island would 
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fare in degrees of hurricane severity.  The triangulation of these data points provides the basis for 
the following results.  
This concluding section seeks to address three key components of community 
vulnerability on Ocracoke. First, the inputs in the PAR model detailing the progression of 
vulnerability are used to formulate potential disastrous consequences as a result of intersecting 
with the hazards of a hurricane. Second, this information is used to address the research question: 
what political and economic arrangements accelerate or decelerate reductions and enhancements 
in vulnerability? Next, suggestions are made to reduce the sensitivity while increasing the coping 
capacity of the community as an overall strategy to reduce vulnerability.  
In the preceding chapters the factors related to land and water management that 
contribute to the progression of vulnerability were identified as inputs into the PAR model. The 
progression of vulnerability in the PAR model is outlined by three sets of links that draw 
connections between the disaster and the social, economic, and cultural processes, enacted be the 
people affected by a disaster (Wisner et al. 2004).  These sets of links include root causes, 
dynamic pressures, and unsafe conditions.  Information gathered from investigating the historical 
and social dynamics of living with hurricanes is now added to the Ocracoke case study PAR 
model (see table 4).  This includes the addition of local knowledge regarding hurricanes that 
increases the vulnerability of people on Ocracoke in the event of a near or direct landfall.  I 
group this local knowledge into two dynamic pressures.  First, the idea that since people have 
lived with hurricanes on Ocracoke for multiple centuries without any major disaster means that 
the community risk to hurricanes is minimal.  This local knowledge of the ability to live with 
hurricanes can translate into unsafe conditions when residents do not heed evacuation warnings. 
As evidenced in this chapter, severe hurricane events like the Category 2 hurricane that made 
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landfall in 1933 have drastically altered the biophysical and social conditions of Ocracoke.  The 
1933 storm is the only recorded direct landfall on Ocracoke in the last two centuries and severely 
disrupted livelihoods: livestock drown, hunting and fishing stocks were disrupted, and houses 
destroyed. This represents a generational memory gap in the destructive power of storms to 
rearrange livelihoods. Since 1933 livelihoods have drastically changed, form one based on 
subsistence living to one based on a tourist economy.  A disaster today would be exacerbated by 
this shift in livelihoods, as the critical infrastructure necessary to support a subsistence lifestyle is 
less multifarious than the infrastructure necessary to maintain the tourist industry. The second 
aspect of local hurricane knowledge that magnifies the risk of a disaster is the belief in 
Ocracoke’s northeast to southwest geographic orientation as a protection from the hazards of a 
hurricane. This also translates into unsafe conditions if it inhibits residents from evacuating.  
 
Figure 35. PAR Model: hurricane inputs.  
 
The social dynamics of hurricanes considered in concert with the inputs gathered from an 
examination of land and water management practices contributes to the schematic modeling of 
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how a hazard affecting a vulnerable population can turn into a disaster. The hazards of a 
hurricane, as detailed through an examination of exposure earlier in this chapter, include high 
wind speeds, rapid erosion, and storm surge flooding.  At varying strengths these processes have 
the ability to produce disastrous conditions, including: severed transportation routes, economic 
hardships, septic system ruin, and the destruction of livelihoods. The destruction of livelihoods is 
a powerful and ominous term used to elucidate the impact of a category three hurricane or higher 
making landfall on Ocracoke.  In this instance, 130 mph winds and a 3 meter storm surge would 
likely shift the coping activities from actions of economic recovery to physical reconstruction. 
Two factors that would exacerbate recovery efforts involve the destruction of critical 
transportation routes (highways or ferry channels) and a post-hurricane toxic flood.  In the 
recovery period during Hurricane Irene (which made landfall approximately fifty miles 
southwest of the village with 75 mph sustained winds) rebuilding transportation routes was 
important to reestablish the tourism industry that a vast majority of Ocracoke residents depend 
on for their socio-economic well-being.  Modeling the potential impacts of a category three 
hurricane shifts the importance of transportation routes towards the ability to access the 
community with emergency service supplies and aid in the wake of a disaster. Compounding the 
threat of emergency service access is the threat of a post-hurricane septic flood.  As documented 
in Chapter 5, the increased density of septic drainage fields and the increased volume of 
wastewater stored in the uncontained near-surface aquifer (estimated at an upwards of 45 million 
gallons per year) has set the stage for a post-hurricane septic breach that would pose difficulties 
to accessing fresh water and introduce potential wastewater related human health infections (e.g. 
cholera). 
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The severe scenarios derived from the PAR model are interrelated with current economic 
and political configurations that can push people towards practices that exacerbate the effects of 
a hazard (Wisner et al. 2004). What then, are the political and economic arrangements that 
accelerate or decelerate reductions and enhancements in vulnerability on Ocracoke?   The 
dependence on the tourism-based economy since the late 1970s has accelerated vulnerability on 
Ocracoke. This acceleration is due in part to increases in the available freshwater supply. Aspects 
of achieving this increase water supply have slightly increased the elevation of the water table on 
Ocracoke by approximately 6 to 19 cm (0.06 to 0.19 m). The projected storm surge in the village 
section of the island in the event of a category one hurricane is estimated to be 1 to 1.5 meters.  
In terms of accelerating vulnerability this increase in water table elevation is negligible.  The 
construction of sand dunes as implemented under the orders of the federal government has also 
affected the vulnerability on Ocracoke. The presence of the artificial sand dunes influences local 
opinions regarding socio-environmental change, impacts the spatial attributes of hurricane 
exposure, and produces a temporal dilemma in the forfeit of long-term erosion security for 
degrees of short-term hurricane security.   
There are possible routes Ocracoke can initiate in order to reduce vulnerability. These 
include fostering economic diversity, political incorporation, and more dynamic transportation 
infrastructure. The aim in producing a community-based vulnerability profile is to document the 
nature of vulnerability along with its various components so that we can address strategies to 
increase coping capacity while decreasing sensitivities. The risks Ocracoke faces are the multiple 
combined hazards of hurricanes: high wind speeds, storm surges, and rapid erosion. As outlined 
above, what makes Ocracoke at risk of these exposures is the nature of the built environment on 
the island and their dependency on tourism for economic well-being.  Of most significance in 
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terms of hurricane events is transportation routes (highway 12), the density of buildings, and 
other essential infrastructure services that work in isolation due to the nature of island living 
(electricity, water, ferry service).   
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CHAPTER 7 
CONCLUDING OBSERVATIONS 
Introduction 
This chapter provides a summary of the major themes discussed in this dissertation.  The 
information generated from answering each research question served as the basis for inputs into 
the PAR model. When this information is organized in the PAR model it provide a basis for 
suggesting possible steps to reduce vulnerability.  The hazardous conditions discussed in chapter 
six are addressed here in order to make recommendations on how to reduce local sensitivity, 
increase coping capacity, and thereby decrease vulnerability. This conclusion offers a description 
of local socioenvironmental conditions and local knowledge, and how those elements relate to 
the vulnerability of place.  I conclude by considering larger systemic issues that are at the root of 
vulnerabilities identified in this dissertation, and what actions could, or should, be taken to 
address these issues.  
Addressing the Research Questions 
In this dissertation I sought to address the following research questions: (1) how and to what 
degree do land and water management on Ocracoke influence environmental conditions and 
change? (2) How does local knowledge of socioenvironmental change influence the progression 
of vulnerability? (3) What are the implications of changing NPS land management and changing 
water management techniques for shifting environmental risk regimes and socioeconomic well-
being? Finally, (4) how do the political and economic arrangements associated with both land 
and water management on Ocracoke increase or decrease vulnerability to coastal storms?  
These questions are answered in a summary of the findings of the previous three chapters.  
The PAR model has been criticized for its “causal chain of explanation” approach (Middleton 
and O’Keefe 1998; Turner et al. 2003).  However, Wisner et al. (2004:56) state that, “we do not 
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imply by the phrase ‘cause and effect’ that single causes give rise to single effects.” And 
furthermore that, “[t]here are many ways in which dynamic processes (some unique to particular 
societies, some nearly universal because of the pervasive influence of global forces) channel root 
causes into unsafe conditions and to specific time-space convergence with a natural hazard.” 
What I sought to do in this dissertation is to identify potential “time-space convergence[s] with a 
natural hazard” on Ocracoke with the recognition that these processes are variable depending on 
people’s social positionality and in the face varying biophysical conditions. What I have 
attempted to do here is to describe a sequence of factors that produce vulnerability that will vary 
for different people, and under different biophysical conditions. 
As noted in Chapter 4, the building of sand dunes under the supervision of the NPS has 
decreased the habitat of the piping plover, but has also decreased the short-term exposure to 
hurricanes – specifically storm surges. In the long-term the sand dunes have increased erosion 
and have limited sand deposition, thus reducing the landmass and elevation of the island. Piping 
plover numbers have also been negatively impacted by unregulated off-road vehicle (ORV) 
driving.  Ocracoke residents supporting unregulated beach access for vehicles believe restricting 
ORV use will hurt the local tourist economy. As a small island dependent on the mono-economy 
of tourism, this could increase local social vulnerability. However, there is no overwhelming 
evidence to suggest the tourism industry has declined as a result of the 2008 Consent Decree that 
initially regulated beach driving. More indicative of the number of tourists that will visit 
Ocracoke are hurricanes, and the subsequent damage to the critical lifeline of highway 12. Local 
knowledge on Ocracoke holds that the geographic orientation of the island protects it from the 
worst of hurricanes. Local knowledge also suggests that since residents have lived with 
hurricanes in the past with minimal physical destruction that this pattern will continue into the 
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future. Historical data refutes this belief. If a hurricane similar to the storms of 1933 or 1849 
were to land near Ocracoke today there is no geographic orientation or past hurricane experience 
that could adequately prepare residents living in the current built-environment of the village.  As 
noted in Chapter 5, the current built-environment of the island was supported by historical 
increases in access to freshwater. The construction of a reverse osmosis unit and a municipal 
water supply infrastructure in 1977 is directly linked to increases in housing and population 
density.  The continued advancements to the water plant have enabled further development and 
serves to support the local economy.  The additional water supply added to the near-surface 
uncontained aquifer in the form of wastewater has increased the altitude of the water table while 
decreasing both the ability and the rate at which the soils absorb rainwater. 
A good avenue for further research is to consider how the previously discussed local issues 
will be affected by sea level rise.  For example, as a recent open-report (Masterson et al. 2013) 
conducted by the USGS on the barrier island of Assateague, Maryland states:  
 The areas within Assateague Island that are considered to be most vulnerable to sea level 
 rise are those with the highest occurrence of overwash and the highest rates of shoreline 
 change (Pendleton and others, 2004). However, in addition to increased erosion and 
 surface inundation from rising sea level, the groundwater-flow system can be 
 substantially affected by increased water-table altitude, subsurface flooding of low-lying 
 areas, and the potential for saltwater intrusion (Masterson and Garabedian, 2007). 
 Understanding how sea level rise may affect groundwater hydrology in shallow, 
 unconfined coastal systems such as Assateague Island may be vital for assessing the 
 potential impacts of sea level rise on the sustainability of Federally listed endangered 
 species, such as the piping plovers.  
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The most recent climate change impact report by the National Climate Assessment details  
increasing  sea levels rise, warming temperatures, increases in extreme weather events, and 
decreasing fresh water availability in the southeastern region of the United States (Melillo et al. 
2014). Sea level averaged an 8 inch rise in the last century and is expected to rise 1 to 4 feet in 
the next century.  With an average elevation of 3 feet and a degraded near-surface aquifer 
Ocracoke is extremely susceptible to even the most modest projections of sea level rise. The area 
on Ocracoke most exposed to sea level rise, based on the occurrence of overwash and shoreline 
change, is the northeast half of the island (see figures 7-11 in chapter four, and 2-4 in chapter 
six). The rising sea on this section of the island would not directly compromise housing 
structures (as this is uninhabited CAHA land), but the resulting damage, or complete submersion, 
of highway 12 would alter the volume of island visitation.  The number of days with 
temperatures over 95º F is also expected to increase. In the southeast higher temperatures are 
expected to increase “harmful algal blooms and several disease-causing agents in inland and 
coastal waterways, which were not previously problems in the region (Melillo et al. 2014: 404).”  
These blooms have been shown to have adverse health effects on fish, shellfish, and human 
populations (Melillo et al. 2014).  The southeast experienced the most billion dollar weather 
disasters than any other US region from 1980 to 2012, and this trend is expected to continue 
(Melillo et al. 2014).  Specifically, the amount of category 4 and 5 hurricanes in the North 
Atlantic is expected to continually increase. Small islands in the southeast US and the Caribbean 
are identified as being “exposed to severe water stress under all climate change scenarios 
(Melillo et al. 2014: 406).”  This is due in part to the expectancy of sea level rise to increase 
aquifer inundation, and thus increase the salinity levels of near coastal aquifers.  Although 
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Ocracoke already draws from a brackish aquifer, further inundation of the Castle-Hayne aquifer 
could decrease the water plant efficiency and increase the electricity used to produce freshwater. 
Releasing the Pressure 
In this section suggestions are made to reduce vulnerability by addressing the dynamic 
pressures identified in the Ocracoke case study PAR model.  The ‘releasing’ of ‘pressure’ in the 
PAR model is addressed by identifying steps to decrease sensitivities while increasing residents’ 
ability to cope following a hazard event.  The dynamic pressures included in the Ocracoke case 
study PAR model (figure 13, Chapter 6) consist of a dependence on critical lifelines 
(transportation), an increase in water production, an increasing population and housing density, 
NPS land management practices, and hurricane related local knowledge.  Strategies to secure 
tourist access via highway 12 can be addressed reactively or systematically. That is,  NCDOT 
can continue to rebuild the highway and dunes after each storm, or other economic 
diversification strategies could lessen the social dependence on the highway. Within the PAR 
model the dependence on the highway is categorized as a dynamic pressure in the local 
progression of vulnerability. There are two possible ways to release this pressure: a more flexible 
transportation system or a more diverse economy. Neither of these are easy fixes. An elevated 
roadway is a realistic possibility as discussed in Chapter 6.  However, there are complexities 
involved with geoengineering a solution.  Particularly, the idea that the ease of transportation and 
reliability of an elevated bridge could increase visitors and local populations; therefore 
increasing the social vulnerability of the place if the more “adaptable” roadway were to fail. 
Another more complex suggestion would be to diversify the local economy so as to reduce the 
dependence on the roadway for tourism. This is a broad suggestion that deserves further 
attention, and is discussed in more detail in the last section of this chapter.  
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The increases to the local water supply since the 1970s operated in a similar fashion as a 
positive feedback loop.  An increase in available freshwater supply allowed for continued 
growth, and continued growth is the rational for continued water infrastructure additions.  This 
pattern will likely come to a halt as buildable space on the island becomes increasingly rare.  
Compounding the problem of buildable space is the lack of septic drainage field space.  More 
space on the island could be developed with the construction of a central sewage system or with 
additional wetland in-fill.  Both of these actions would only exacerbate the problems discussed in 
Chapters Five and Six.  To address this condition I suggest more stringent rules on property 
development. A growth cap could work to relieve the pressures of water, septic, and growth. 
However, the current planning advisory board lacks the funds and enforcement to enact such a 
plan. This dilemma could be addressed through village incorporation, which is further discussed 
below.  
People’s belief that Ocracoke is geographically secure from severe hurricanes has the 
potential to increase local exposure to hurricanes and can serve as a barrier to vulnerability 
reduction.  For example, the belief that there have never been any human deaths on Ocracoke 
from hurricanes justifies remaining on the island instead of evacuating, thus increases local 
exposure. In the event of a direct hurricane landfall the orientation of the island and people’s past 
experiences obviously will not exposure of the local population.  The local emergency service 
council does hold bi-annual hurricane preparedness meetings, but attendance is relatively low, 
and usually by people who are more willing to evacuate for a hurricane in the first place.  People 
may be more willing to evacuate if measures were taken to improve the efficiency of residents’ 
return access to the island after a storm.  This would include giving island residents priority, 
along with emergency responders, to be among the first to re-enter the island following 
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evacuations.  Just as residents forfeit the protective services of the government when they ignore 
a mandatory evacuation, those returning residents will also have to recognize that essential 
services like electricity and water may not be available upon their return.  This suggestion only 
addresses one aspect of why residents do not evacuate and other more systemic issues are more 
difficult to directly address.  
As discussed in Chapter 6, different segments of the population are more exposed to 
hazards than others. For example, multi-generational residents, retirees, business owners, service 
workers, and the local Mexican-American population, are variably vulnerable.  As discussed in 
Chapter 6, multi-generational residents are reluctant to evacuate, and as shown in the quotes in 
the next section, averse to the idea of resettling in a less hazardous region. Tourism and retail 
business owners and retail service workers are at risk to anything that seriously threatens the 
tourism industry.  Tourism related business owners account for 31 local businesses, and 
employee roughly 322 residents (see table 5, Chapter 6). In the aftermath of a hurricane 
businesses may lay off employees or close for the winter season. The economic security of 
business owners vis-a-vis their service workers means that the employee has less capacity to deal 
with post-disaster economic loss than does the owner. However, in the aftermath of Hurricane 
Irene, FEMA offered low interest business loans for business affected by the disaster and also 
offered unemployment compensation for retail employees (FEMA, press release August 31, 
2011).  The most vulnerable groups of people on Ocracoke are the local Mexican-American 
population and service workers.  The local Mexican-American population, some portion of  
whom are undocumented, suffers from political vulnerabilities that other residents do not.  
Political vulnerabilities for undocumented workers could be decreased with immigration reform 
at the national level, but this is a broad and complex suggestion whose intricacies are outside the 
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scope of this dissertation.  Service workers in general have fewer options for economic recovery 
in the wake of a disaster in comparison to business owners and retirees.  As a small island, with a 
marginal economic role in the national political economy, low-level service workers will 
continue to be both the most exposed with the fewest resources for coping during periods of 
economic disruption.  
The Future of Ocracoke  
Although a vulnerability assessment was at the core of this dissertation, I also sought to 
document historical, current, and potential future socioenvironmental conditions.  When tasked 
with making recommendations to the community I think it would be an oversight not to consider 
their concerns and plans for the future of the village. There is, of course, a great deal of 
uncertainty involved in projecting future socioenvironmental conditions. Biophysical data has 
shown rates of erosion and how the island would likely be physically impacted by future 
hurricanes.  The most recent National Climate Assessment projects increasingly rising sea levels 
over the next century (Melillo et al. 2014).  The historical accounts provided have described a 
landscape that has drastically changed over the last one hundred years, and even over the last 
thirty years.  With these changing conditions in mind, I sought to document what longtime 
residents of Ocracoke think the village will be like in twenty to thirty years.  This is included 
because the decision-making of the island residents, and the thoughts that guide those decision-
making processes, are important factors in the shaping of the future  of the village. Below is a 
representative sample of what respondents said in discussing the future of the island:  
 I think there will still be a tourism economy, regardless of what happens to 
 highway 12. I think the tourism economy is here, it may not be booming, but it’s enough 
 to sustain the businesses that are here. I see a change in governance and that may mean 
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 some sort of limited incorporation. I just think that people will have too much invested 
 here to be at the mercy of Hyde County government. That’s the way it works in the 
 world. That’s why places incorporate, the counties cannot handle them. They have 
 different interests. The time is coming whether it’s the current people here or those 
 moving forward, and taxes won’t be a part of that. It will be about decision making and 
 being on our own. So I see a change in governance, certainly within those twenty years. I 
 see nothing but problems with highway 12, I see additional bridges, and just some serious 
 thought given to how  the mainland ferry system operates. And overall I’m optimistic 
 about it. I think the key is taking care of what you have right now, if you put all your eggs 
 in the  basket of, “OK, I got to have an additional five-thousand people visit Ocracoke to 
 make it” and base your economy on this projected growth it is not going to work. 
 Because you’re going to get your change because a hurricane and highway 12 is going to 
 do that. And periods of economic change in the country.   –James  (11/11/2011) 
 
 My idea of Ocracoke is gone. I mean I love Ocracoke, but it will never be like we’ve had 
 it. Where you never lock your door, you don’t take your keys out the car; you don’t have 
 to worry about anything.  You knew your neighbor. You knew more about the seafood. 
 They caught what they wanted and ate what they wanted. We’ll never see that again. And 
 that’s part of the government, that’s part of the government making restrictions and 
 regulations over everything. That’s all they know. That’s the only way they know to 
 survive.  I really don’t know.  I’ve never really, I never wish for something to go 
 backwards because knowing  how we are… I really don’t know what the answer to that 
 is. I don’t want it to go backwards because as good as it was then, it was what we were 
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 used to, and were not used to that now, so that wouldn’t be good. A lot of people aren’t 
 used to that. And that certainly would hurt Ocracoke.   – Archie (9/20/2011) 
 
 I hope that we’re still here. That people are still able to access us. That people can 
 still make a way of living here and survive. Because a lot of this is going to depend on a 
 lot of government stuff: ferries, roads. People need to start looking at that and thinking 
 about that now. It will really affect more of the younger kids than it will the older people. 
 Because some of them are on fixed incomes, some of them don’t work.  It will really be 
 the younger people that live here in the next  twenty to forty years. What’s going to 
 happen to them? Will they even be able to stay here? Or will we all have to move? Who 
 knows? We might be another  Portsmouth.  I hope not, I really want to live out the rest of 
 my life if I can here. It depends on what the situations going to be. I mean, I think 
 Ocracoke’s kind of kept some of its quaintness and at the same time we’ve lost some of 
 that, but that’s where people’s rights come-in with their properties and what they can do 
 with them. People want to have the right to do what they want to do with their 
 property but they don’t want people to do anything with it. Does that make any sense? 
 You can’t have it both ways. You have to decide, that’s where some of those building 
 ordinances, the Ocracoke development ordinance comes into play.  But then people don’t 
 like you telling them what they can’t do with their property. It’s hard to get that balance.  
  
 [To] still be here, be able to access the water and go fishing. And still go to the beach and 
 enjoy it while we’re here, but regulations with boats and fishing. That’s another whole 
 thing. I love it here, I’m from here, and the older I get the more I love it. It gets harder, 
 it’s like so many other people are out to, I don’t want to say ‘out to get you’, but to make 
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 it so much harder for you to stay here. And I talk to people, “well you’ve got to...” Well, 
 where am I going to go? When you move from here where do you go? If you’ve lived 
 here all your life, where do you go?  To uproot and to take everything and just plop 
 somewhere, where do you go? It’s different from some people that have moved around, 
 or lived somewhere else and  moved here, because they can, but some people haven’t 
 been anywhere. I could probably live somewhere else I guess, but I’d rather live here. I 
 love it in the winter times when it’s more quiet and there’s not a lot of people around. But 
 I love summer time. And I love people being here. Not just business wise, but because 
 I’ve met a lot of people throughout the years, made friends with them, in other states, and 
 it’s been really nice, I’ve enjoyed it, not everybody does, one thing I’ve heard a lot of 
 employees will say, “I’m so tired, I’m glad these people are gone.” And I say be careful 
 what you say because when those people are going your job may be gone. People forget 
 that they have to depend on people.  That’s been one of the hardest things.    – Kelly, 
 County Commissioner (11/10/2011) 
 
 I personally don’t think that there will be much change. I could see more in 
 businesses and things like that changing. I don’t see that there will be as much 
 building as there has been in the past because were pretty much maxed out on 
 property. And the park service has 90% so we only have that 10% to deal with. I could 
 see in the future, more high speed ferries that would be coming. I would probably see that 
 eventually this community, whether they want to or not, and it’s been a topic for a long 
 time, is parking and dealing with traffic, so I think that’s going to get worse. I think our 
 beaches are going to be regulated like they’re going to be with the ORV management 
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 plan and so that’s just the way it’s going to be and the people are going to adapt to it, the 
 people that come here are going to enjoy it. -Eric, Head District Park Ranger (6/24/2011) 
 
 I think it’s going to continue more or less how it is now.  It will still be a tourist 
 economy, it will always be people throughout the year who own the facilities that  tourists 
 rent and make use of. I doubt if the year round population is going to increase greatly in 
 the future. It could increase some, you could have more people who own vacation homes 
 decide to come here and live as we have done. And  there is some more land, although 
 not a lot, which could be built on, and could  accommodate more residents. One thing that 
 we have not talked about until now,  which is going to be very important, is the sea level. 
 Whether how much it is going to rise, how fast it will rise. Three or four feet to sea level 
 would probably make Ocracoke no long viable. Not that the houses would all be flooded, 
 but vehicles for bringing supplies wouldn’t be able to get around on the roads if you 
 have four feet of water standing on the road. I think that is real; that is the most serious 
 issue long term. Now, there probably are estimates that have been made by people who 
 are knowledgeable on this subject and made studies of it, our impression is that the sea 
 level rise is currently going ahead faster than it did say one or two centuries ago. You talk 
 to people here, older people, who have lived  here all their lives, and they say they never 
 seen tides as high as this year. And we certainly see it out here in the sound; our little 
 jetty is often under water. Not just when there’s a storm but sometimes at other times as 
 well. So I think that is really  the big unknown. How fast will the sea level rise and how 
 far will it go in thirty or fifty years? We think about it in relation to our children and 
 grandchildren. Are they going to be able to come to Ocracoke and enjoy it at those times 
 in the future? It is unclear. I think that is the big issue, far more than the Park Service 
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 restrictions on use of beaches. The business owners fuss and fume about that and  they 
 say that people must be allowed to drive their SUVs all over the beach, well it’s a big 
 beach; sixteen miles long. And the areas that are closed by the Park Service to protect 
 wildlife, turtles, birds and so on, they are sometimes significant but they leave big 
 expanses to fish, to swim, to drive your vehicles on. So I don’t think it is going to be a 
 real important factor. People fuss over it, but there will be plenty of room still on the 
 beach. -John (7/26/2011) 
 
 I wish that it would always be that the generations that have growed up here that  people 
 will stay, and keep Ocracoke and the history alive. And not allow all these things outside 
 coming in, this pressure, and from all sides, keeping from Ocracoke as it is dying, and 
 being non-existent anymore. I hope, who knows in another thirty years with the way that 
 the economic situation is and all the technology. Where are we going to be, or what’s 
 going to happen. -Tim (12/13/2011) 
 
 It’s a downhill slide. The good news here is that some of the local people have moved 
 into business, and running business. And that wasn’t true fifteen to twenty  years ago. 
 Almost all business were ran by outsiders. They finally got the  realization that they 
 needed to get a slice of the pie. And that’s helpful. You see it now; I see the difference 
 between now and 20 years ago. It’s becoming more integrated with people that have 
 moved here. They have integrated into that group. They’re raising their kids here. There 
 is some movement away from being  an Ococker and just living here. Because there 
 aren’t going to be any Ocockers here. That’s a dying breed. -Bert (10/11/2011) 
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 In 20 years I would fear that we were not incorporated, still part of Hyde County.  That’s 
 the best way to go, giving Manteo [North Carolina] as an example, seeing  Duck [North 
 Carolina] become a town. -Mabel (10/11/2011) 
 
 I think this place could survive without the road here, and someday it won’t be here. 
 And I’m OK with that. It would be more like the old days, and they [tourists] would 
 come here and visit, and you would know them, and you know their family. Their kids 
 come here, and grow up, and work here, and get jobs. It’s more of a community thing. I 
 think the island could survive without the road to the north, and I think eventually the 
 north route will be gone, so I’m trying to get used to that idea. I think it’s unsustainable, I 
 don’t think they can keep that road open to the north. -Don (12/2/2011) 
 
The concerns of island residents are important in this concluding chapter. The future of 
Ocracoke as envisioned by its residents is one that continues to rely on tourism, although there 
are differences in how residents envision  in its form and visitor demographics.  Problems are 
still anticipated regarding highway 12 and hurricanes.  Residents hope that their families are still 
able to live on the island, that growth will stabilize, and that they do not end up as an abandoned 
island like Portsmouth. Further, residents are concerned about fluctuations in the national 
economy, about too many state and county government regulations, and about NPS regulations 
on beach access. To cope with possible negative consequences of these political and economic 
concerns residents imagine a future that includes municipal incorporation and a more diverse 
local economy. Behind these concerns is the looming hazard of sea level rise.   
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Recommendations 
 The major themes identified in interview quotes include a growing disdain for 
government intervention, and yet a desire to have more control over local decision-making. 
Residents are also concerned about the future in regards to the sustainability of the tourism 
industry, the security of highway 12, the addition of a sewage system, and sea level rise. The 
consequences of changing socioenvironmental conditions at a variety of time scales need to be 
considered at the local level. Does the level of protection from hurricanes in the short-term (from 
artificial dunes) merit the costs of continued erosion that could in the long-term narrow the 
slimmer northern sections of the barrier island to the point where it couldn’t even support a 
highway?  These ideas, however, cannot be considered at the local level, as these are issues for 
federal government and state agencies, NPS and NCDOT, respectively.  To develop a formal 
vehicle for input with these national and state decision-making entities, I believe it would be 
strategic for the village of Ocracoke to petition for incorporation. The current political 
arrangements limit self-regulation and governance on Ocracoke. Historically, the village has 
been against incorporation primarily because it would involve an increase in local taxes.  The 
ability to levy taxes and fund village projects that are deemed important by the local population 
requires incorporation. The local opposition to “government” and the idea of outside forces 
inflicting their will on Ocracoke could stymie the ability to control local decision-making.  
Incorporation would grant Ocracoke residents the power to funnel funds and attention towards 
local socioenvironmental issues of their concern.  It would allow for comprehensive community 
planning.  As of now, the Ocracoke Planning Advisory Board can only make recommendations 
and  has no access to funds, legitimate decision making power, or enforcement.  If aligned as a 
sub-committee under an incorporated village the board could more efficiently address local 
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concerns that are often ignored by mainland interests (i.e. standing water in the village, pollution 
of canals, etc.).  This of course would be viewed as more government, which would likely upset 
some residents.   
Incorporation of Ocracoke as an official municipality of North Carolina would provide a 
vehicle for initiating changes that could meet the needs of residents and potentially reduce the 
exposure of residents to hazards.  There are two primary reasons to incorporate. First, is the 
ability to provide residents with a variety of public services and determine how funds collected 
from an additional property tax are distributed amongst services; and the ability to “regulate its 
citizens and their property through ordinance-making power (Lawrence and Millonzi 2007, 1).”  
The primary reason why some residents do not want to incorporate is because of the 
corresponding increase in property taxes.  To fulfil the needs of the municipal budget which fund 
basic services, new municipalities do need to develop an additional property tax rate. The 2013-
14 Hyde County property tax rate
16
 is 0.64%
17
.  The nearest incorporated Outer Banks 
municipality is Nags Head, which has a 0.43% county (Dare) property tax, and a 0.257% 
municipal property tax, totaling to a 0.687% property tax. There are no incorporated places in 
Hyde County. The 1995 Hyde County property tax rate was 0.8%; meaning the county property 
tax rate has actually decreased 0.16% in the last nineteen years.  
In order to incorporate potential municipalities must be granted a charter by the North 
Carolina General Assembly.  In order to be considered by the General Assembly a petition has to 
be signed by only fifteen percent of the registered voters in the place applying for incorporation 
(Lawrence and Millonzi 2007). Accompanying the petition a plan must be submitted for levying 
a property tax rate of a minimum of .05%.  This minimal rate, when added to the current county 
                                                 
16
 Ocracoke also has a special mosquito control district that levies a 0.02% property tax.  
17
 All property tax rates collected from the North Carolina Department of Revenue at www.dornc.com 
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property tax would equate to an overall rate on Ocracoke of 0.69%.  This rate is less than the 
1995 Ocracoke rate and only .003% higher than the Nags Head rate.  To put this into perspective, 
a resident with property valued at $300,000 would pay $1,920 in property taxes prior to 
incorporation and $2,070 after incorporation – a $150 increase. I suggest that the increase in 
taxes can provide compensatory services that residents desire.  This includes the stymieing of 
processes residents deem as detrimental to Ocracoke, and also includes the ability of more direct 
and local democratic decision-making.  
Accompanying the calls for incorporation to address a lack of local control, there is also a 
concern that Ocracoke could succumb to a similar fate as Portsmouth Island. Portsmouth, like 
Ocracoke, was a pilot town in the late 1700s and 1800s. The hurricane of 1846 moved the 
Ocracoke Inlet channel closer to Ocracoke, created significant shoaling near the port of 
Portsmouth, and turned the shallow tide-pools separating Ocracoke and Hatteras into an actual 
inlet (Stick 1958).  This was the beginning of the decline for Portsmouth as a viable port village.  
The hurricane season of 1933 (the hurricanes described in the Hurricane Boards in Chapter Six) 
also led to a decline in the Portsmouth population as people moved instead of rebuilding; the best 
way to reduce vulnerability in a hazard prone area is to relocate. In 1971, Henry Pigott, the last 
male resident of Portsmouth died (Foulcher Cloud 2008). Henry was the caretaker of the last two 
female residents of Portsmouth, Marian Gray Babb and Elma Dixon, whom moved after Henry’s 
death (Foulcher Cloud 2008). The village is now uninhabited and controlled by the National Park 
Service as part of the Cape Lookout National Seashore (CALO).  
Hurricanes were the impetus for the decline of Portsmouth. Portsmouth is an example of 
how the dependence of island communities on one economic-base increases people’s exposure to 
hazards. On Portsmouth the mono-economy was not tourism, but piloting. When a hurricane 
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made it difficult to function as a pilot town, other places became more viable shipping options 
(e.g. Ocracoke and Hatteras).  There were no dredges to refortify the channels to Portsmouth, 
and it slowly sunk into decline. The coupling of Ocracoke’s dependence on a mono-economy, 
transportation difficulties, and exposure to hurricanes, similarly increases its vulnerability to 
hazard events.  
As identified earlier, it is common for small island communities to have a dependence on 
a singular economic activity.  Imagining how to diversify, and arguably strengthen, the Ocracoke 
economic base is complicated. The general idea is that if fewer people’s livelihoods were 
dependent on the flow of tourists the destruction of highway 12 would produce fewer disruptions 
in the event of a strong storm or rising sea-levels. The Ocracoke Foundation is a non-profit 
sustainable development organization that is actively working on ways to reduce the reliance on 
tourism. The mission of the foundation
18
 is “community revitalization through the responsible 
promotion and use of Ocracoke’s assets, whereby the needs of the community – educational, 
economic, social, and infrastructure – are supported through direct funding, fiscal sponsorship, or 
technical assistance.” The foundation helps residents apply for rural community funds and grants 
to help support alternative business models. They are helping local retail businesses build a 
stronger presence online
19
 to “take the Ocracoke brand to the niche markets that will appreciate 
the core assets of the island.” They provide assistance to the local commercial fishing industry 
through support of the local fish house co-op, and other lobbying and information gathering 
tasks. Other important projects include an affordable housing program, community square 
revitalization, and restoring harbor water quality. Efforts to create more secure socioeconomic 
                                                 
18
 Quote from website: www.ocracokefoundation.org 
19
 Quote from website: www.ocracokefoundation.org 
225 
conditions on Ocracoke, whether through incorporation and/or through economic diversification 
initiatives, can reduce the exposure of island residents to future hazards.  
 Contribution to Contemporary Geographic Thought 
This dissertation sought to build upon the literatures of risk/hazards, political ecology, 
and vulnerability. To briefly review, early risk/hazards work focused on social aspects when 
considering the potential risk of hazards rather than just the physical hazard itself. Political 
Ecology pushed this concept further with a critical recognition of the epistemological 
underpinnings of research that problematically separates social and environmental processes. 
Vulnerability research emerging from this tradition sought to measure, map, and describe how 
political economic forces influence social configurations and how these specific configurations 
interface with a hazard.  
Various models and indices have shown that Ocracoke is exposed to coastal hazards and 
sea level rise. These include hurricane induced coastal change projections by NOAA and USGS, 
erosion projections by the USGS, social vulnerability indices (SoVI), and the USGS Coastal 
Vulnerability Index (CVI).  The SoVI scored Hyde County as one of the most vulnerable 
countries in the country, and the CVI scored a majority of the Ocracoke shoreline in the “very 
high” vulnerability category. These indexes are valuable for identifying vulnerable places, but 
how vulnerabilities play-out in these specific places requires more on-the-ground investigation It 
is through assessments of vulnerability of place, as carried out in this dissertation, that the local 
effects of vulnerabilities as identified by national assessments can be understood in-depth.  
Within these indexes there is, of course, geographic and social variability.  I have 
attempted to highlight some of this variability through a ground-truthing of local physical and 
social conditions.  Identifying the physical and social conditions that increase vulnerability on 
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Ocracoke has led to some rather grim observations. In the long-term the island is in a precarious 
position.  Due to climate change the island will likely experience a drastic increase in sea level 
rise over the next century, and the severity and frequency of large storms will increase, which 
will have catastrophic effects on the people of Ocracoke. These are problems that cannot be fixed 
locally. The village of Ocracoke, because of its’ very “islandness”, will always be in a marginal 
economic position. Again, there is no long-term fix to the political economic situation of the 
island.  These grim scenarios are not affected by how the current population acts or thinks. Local 
knowledge is laden with nostalgia and optimism in the face of larger structural issues that 
increase Ocracoke’s exposure to hazards. This local knowledge could be seen as a barrier to 
vulnerability reduction. In one sense, the best way to reduce vulnerability would be for the 
people of Ocracoke to relocate.  
However, I still think is important to consider short-term solutions to managing and 
living in a hazardous region. Other regions with known hazards like wildfires, landslides, 
earthquakes, floods, tornadoes, and others are continually inhabited and rebuilt even with 
knowledge of the potential risk.  One of the reasons behind this continual inhabitation is the 
belief and power of one’s home and community; the idea being that this is our home and we are 
going to stay here. This belief is very powerful, and is too sensitive to address by simply 
recommending people to relocate. What this investigation into local knowledge has shown is that 
residents are not currently considering relocation as a possible strategy of reducing their 
exposure to hazards, but are dedicated to coping with the future hazards they will surely face. 
One of the main goals of this research was to explore how the social, and especially the 
place-specific nature of social processes, operates as a dynamic pressure in the progression of 
vulnerability.  To do this I focused on the local knowledge of the community by exploring how 
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residents view socioenvironmental change. This aspect of the research is crucial for building 
upon the current literature in geographic-based vulnerability research. Large-scale research 
projects have successfully categorized the vulnerability of every county in the United States 
(Cutter 2003), or evaluated the effectiveness of 175 community hazard mitigation plans (Lyles et 
al. 2014; Berke 1996).  These projects, and others like them, often stress the importance of place-
specific research.  Wisner et al. (2004) also stress the importance of understanding the 
socioenvironmental conditions of a place to assess the progression of vulnerability. My research 
adds to these concepts by examining the interwoven nature of environmental history, physical 
geography, and hazards vulnerability at the community level.  A critique of this approach might 
ask what this information tells us without a comparison study, or without a larger region of 
analysis. I would answer that without the in-depth, long-term commitment carried out in this 
research it is unclear if we could have traced how local knowledge acts as a dynamic pressure in 
vulnerability.  
Land and water management on Ocracoke have influenced local vulnerability.  The 
significance of these findings reside in the details regarding of how environmental management 
actions decrease or increase vulnerability.  This improves on regional assessments that produce 
vulnerability scores, because through the characterization of community vulnerability it is 
possible to identify place-specific actions to reduce vulnerability.  Therefore, a critique of this 
dissertation might be that it is not easily transferable to other places. I suggest that the 
transferable findings of this dissertation are that the deeply entrenched aspects of local 
knowledge can increase or decrease vulnerability, and that identifying these conditions is crucial 
for managing, building, and sustaining, dynamic coastal communities. 
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Social & Environmental Change Survey 
 
You must be 18 years or older to complete the survey.   
 
All questions are optional; if you feel uncomfortable answering any questions please leave them blank.  Thank 
you.   
 
Age: 
Gender: 
 
 
How long have you been a resident of Ocracoke? ______________________ 
 
 
How many people live in your household?  ____________________________ 
 
 
For each question below, circle the number to the right that best fits your opinion on the 
impact of the issue.  
 
 
Question 
Scale of Impact 
0 = No Impact, 4 = Maximum Impact 
How does restricted off-road vehicle access on the beach 
affect your way of life?  
0 1 2 3 4 
How does restricted off-road vehicle access on the beach 
affect your personal economic situation?  
0 1 2 3 4 
How will a permit granting system for off-road vehicle 
use on the beach affect your way of life? 
0 1 2 3 4 
How will a permit granting system for off-road vehicle 
use on the beach affect your personal economic 
situation? 
0 1 2 3 4 
How would a toll on the Hatteras ferry affect your way of 
life?  
0 1 2 3 4 
How does the new addition to the water plant affect 
your way of life?  
0 1 2 3 4 
How did Hurricane Irene impact your place of residence?  
 
0 1 2 3 4 
How did Hurricane Isabel in 2003 impact your place of 
residence?  (omit if you were not a resident) 
 
0 1 2 3 4 
How did Hurricane Irene impact your personal finances?  
 
0 1 2 3 4 
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How did Hurricane Isabel in 2003 impact your personal 
finances? (omit if you were not a resident) 
 
0 1 2 3 4 
How concerned are you about the impacts of sea level 
rise on Ocracoke? 
0 1 2 3 4 
 
How concerned are you about each of the 
following changes to the Ocracoke way of 
life? 
Scale of Concern 
0 = No Concern, 4 = Maximum Concern 
A toll on the Hatteras Ferry 0 1 2 3 4 
Adequate freshwater supply 0 1 2 3 4 
Affordable Housing 0 1 2 3 4 
An increase in sound ferry tolls  0 1 2 3 4 
Beach Erosion 0 1 2 3 4 
Destruction to Highway 12 0 1 2 3 4 
Fire 0 1 2 3 4 
Hurricanes / Storms 0 1 2 3 4 
More Development 0 1 2 3 4 
Off-Road Vehicle Beach Closures 0 1 2 3 4 
Off-Shore Drilling 0 1 2 3 4 
Property Taxes 0 1 2 3 4 
Regulations on Commercial Fishing 0 1 2 3 4 
Sea Level Rise 0 1 2 3 4 
The loss of Endangered Species 0 1 2 3 4 
Waste Removal 0 1 2 3 4 
Other, Explain: 
 
 
 
 
0 1 2 3 4 
Other, Explain: 
 
 
 
0 1 2 3 4 
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Social Attributes   
   
       
How do you describe your 
residency on Ocracoke? 
(Please circle all that apply) 
Native Local Retiree Transplant 
Land or 
House 
Owner 
Tempora
ry 
Other: 
What is your race? 
 
White 
Hispani
c 
Black 
Asian or 
Pacific  
Islander 
Native 
American 
   Other:  
 
Please circle the neighborhood where you live: 
 
 
 
 
Additional comments are welcome:   
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ENCUESTA SOBRE CAMBIOS SOCIALES Y MEDIOAMBIENTALES 
 
Usted debe tener 18 años o más para completar la encuesta. 
 
Todas las preguntas son opcionales, si se siente incómodo respondiendo alguna pregunta por favor, déjela en 
blanco. Gracias. 
 
Edad: 
Género: 
 
 
Por cuánto tiempo ha sido residente de Ocracoke? ______________________ 
 
Cuántas personas viven en su casa?  ____________________________ 
 
Para cada pregunta, circule el número (a la derecha) que mejor represente su opinión 
sobre el impacto del problema. 
 
Pregunta 
Escala de Impacto 
0 = Sin impacto, 4= máximo impacto 
¿Cómo afecta su forma de vida la restricción del uso de 
vehículos todoterreno en la playa? 
0 1 2 3 4 
¿Cómo afecta su situación económica personal la 
restricción del uso de vehículos todoterreno en la playa? 
0 1 2 3 4 
¿Cómo afectaría su forma de vida la implementación de 
un sistema de otorgamiento de permisos para el uso de 
vehículos todoterreno en la playa? 
0 1 2 3 4 
¿Cómo afectaría su situación económica personal la 
implementación de un sistema de otorgamiento de 
permisos para el uso de vehículos todoterreno en la 
playa? 
0 1 2 3 4 
¿Cómo afectaría su forma de vida la implementación de 
un peaje en el transbordador (ferry) de Hatteras? 
0 1 2 3 4 
¿Cómo afecta su forma de vida la nueva máquina de 
osmosis inversa en la planta procesadora de agua? 
0 1 2 3 4 
¿Cómo impactó el huracán Irene su lugar residencia 
(casa/apartamento/etc.)? 
0 1 2 3 4 
¿Cómo impactó el huracán Isabel en el 2003 su lugar 
residencia (casa/apartamento/etc.)? (omita esta pregunta 
si usted no era residente de Ocracoke en el 2003) 
0 1 2 3 4 
¿Cómo impactó sus financias personales el huracán Irene? 0 1 2 3 4 
¿Cómo impactó sus financias personales el huracán Isabel 0 1 2 3 4 
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en el 2003? (omita esta pregunta si usted no era residente 
de Ocracoke en el 2003) 
¿Qué tan preocupado está usted sobre el aumento del 
nivel del mar en Ocracoke? 
0 1 2 3 4 
 
 
¿Qué tan preocupado está usted sobre cada uno de 
los siguientes cambios a la forma de vida en 
Ocracoke? 
 
Escala de Inquietud 
0 = Sin preocupación, 4 = Muy Preocupado(a) 
Peaje en el transbordador (ferry) de Hatteras 0 1 2 3 4 
Adecuado abastecimiento de agua potable 0 1 2 3 4 
Viviendas económicas 0 1 2 3 4 
Un incremento en peajes del transbordador (ferry) de 
Swan Quarter y Cedar Island 
0 1 2 3 4 
Erosión de las playas 0 1 2 3 4 
Destrucción de la autopista (Highway) 12 0 1 2 3 4 
Fuego 0 1 2 3 4 
Huracanes / Tormentas 0 1 2 3 4 
Más desarrollo 0 1 2 3 4 
Cierre de playas para vehículos todoterreno 0 1 2 3 4 
Perforación mar adentro 0 1 2 3 4 
Impuestos a la propiedad 0 1 2 3 4 
Regulaciones de la pesca comercial  0 1 2 3 4 
Aumento del nivel de mar 0 1 2 3 4 
Pérdida de especies en peligro de extinción 0 1 2 3 4 
Eliminación de residuos  0 1 2 3 4 
Otros, explique: 
 
 
 
 
0 1 2 3 4 
Otros, explique: 
 
 
0 1 2 3 4 
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Atributos Sociales 
   
       
¿Cómo describiría usted su 
residencia en Ocracoke? 
(por favor circule todos los 
que aplican) 
Nativo Local Retirado Transplante 
Propietario 
de tierra o 
casa 
Tempo
raria 
 
Otra: 
¿Cuál es su raza? 
 
Blanco Hispano Negro 
Asiático o de 
la Islas del 
Pacífico 
Nativo 
Americano 
   
Otra: 
 
 
Por favor circule el barrio donde usted reside: 
 
 
 
 
Comentarios adicionales: 
